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•nee  to  that  on  p.  562. 


DISEASES  OF  THE  NERVOUS  SYSTEM. 


INTRODUCTION. 

CLASSIFICATION  OF  DISEASES  OF  TEE  NERVOUS  SYSTEM. 

A  CLASSIFICATION  of  Diseasos  of  the  Nervous  System,  at  once 
scientific,  exact,  and  convenient  for  systematic  description,  is  not  at 
present  possible.  If  we  attempt  to  classify  the  diseases  according  to 
either  seat  or  nature,  we  are  met  at  once  by  difficulties  which  prevent 
any  complete  arrangement.  These  di£&culties  arise  from  the  fact  that 
many  diseases  affect  more  than  one  part  of  the  nervous  system,  tliat 
the  precise  seat  of  other  maladies  is  unknown,  and  that  we  are  still 
ignorant  of  the  nature  of  a  considerable  number  of  diseases.  A  rough 
division  is  often  made  into  two  broad  classes  of  "  organic  **  and 
•* functional "  disease.  The  first  class,  that  of  "organic  diseases,*' 
comprehends  those  in  which  there  is  always  a  visible  lesion,  manifesting 
sometimes  the  morbid  process  which  constitutes  the  disease,  sometimes 
only  the  ultimate  degree  or  result  of  that  process.  The  second  class, 
that  of  "  functional  diseases,"  is  less  definite,  comprehending  (1)  those 
diseases  that  consist  only  in  a  disturbance  of  function,  and  are  there- 
fore properly  so  designated ;  and  (2)  many  diseases  which  have  this  in 
common  with  true  functional  disease,  that  they  are  transient  and  not 
permanent,  and  that  they  are  not  known  to  depend  on  organic  changes. 
But  there  is  also  a  large  class  of  diseases  in  which  no  constant  lesion 
has  been  discovered,  but  which  are  not  transient,  and  cannot  well  be 
placed  in  either  of  these  classes.  This  simple  classification  is 
therefore  inadequate.  It  may  be  well  to  consider  in  what  respect  it 
needs  alteration  to  meet  the  requirements  of  our  present  knowledge. 

The  term  "  organic  disease,"  as  commonly  used,  means  visible 
disease.  But  visibility  is  relative  ;  it  depends  on  the  means  of  vision. 
The  application  of  the  microscope  to  pathology  immediately  increased 
the  range  of  organic  disease,  and  a  similar  increase  has  resulted,  in  our 
own  day,  from  the  use  of  staining  agents,  which  render  visible  many 
changes  that  could  not  before  be  seen.  Still  it  remains  true  that  the 
degree  of    alteration    determines  visibility.    Molecular  changes   in 
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notntkni,  etrnM^rt^  an  such,  most  be  eolos^  to  h^  d^'ieded.  Such 
alteraliotoSy  not  soificifent  to  be  teen,  but  •till  ooa^iderAhle,  probablj 
constitute  the  mf/rbid  process  in  manj  diseases  that  are  eommonlj 
elaised  as  *  fanctionaL"  Hence  we  maj  distinguish  a  diss  of  **  nutri- 
tional diseases  **  as  to  a  large  extent  distinct  from  thofe  that  consist 
m  a  mere  derangement  of  function.  While  disdnguiihing  these  two 
classes,  we  cannot  entirelj  separate  them ;  nutrition  and  function  are 
KnitiiallT  d^pt^fident,  and  prolcMigtd  fonctional  disturbance  must  deter- 
BiUMr  nntritiooal  change. 

Ti»ble  disease  raries  much  in  nature  and  degree.  Some  forms  can 
alwajs  be  seen  with  the  nnassisle>l  ere;  thej  change  the  shape  or 
colour  or  eonsistenoe  of  the  part.  Other  forms  can  be  detected  only 
with  the  aid  of  the  microscope ;  while  manj  mar  be  seen  with  the 
unassisted  eye  when  their  decree  is  considerable,  and  onlj  bj  means 
of  the  micros«:ope  in  their  earlj  stage  or  when  in  slight  degree.  It  is 
eouTenient  to  term  such  altermtionsY  the  risibilitj  of  which  is  alto- 
gether a  matter  of  degree,  **  structural  diseases.**  Thus  we  mar  dis- 
tinguish four  pathological  classes  of  disease  of  the  nenrons  sjstem : 

1.  Organic  disease  (or  *^  coarse  *'  organic  disease)  ;  such  as  tumour, 
hsmorrfaage,  softening. 

2.  Strmdmral  disease  ;  such  as  most  forms  of  sclerosis. 

8.  Nuiriiumal  disease ;  such  as  general  pandjsis  of  the  msane. 
paraljsis  agitans. 

4.  Functi&nal  disease  ;  such  as  reflex  conrulsions,  and  manj  forms 
of  hrsteria. 

In  the  first  class  the  morbid  process  always  begins  outside  the  nerre- 
elements  themselres.  In  the  second  class  it  maj  begin  in  them  or 
outside  them.  In  the  third  and  fourth  classes  these  elements  are 
probablj  alwajs  primarilj  affected. 


Such  a  clarification  helps  ns  to  obtain  clearer  riews  of  the  primary 
relations  of  disease,  but  is  not  coD^enient  for  systematic  description. 
For  this  a  hjbrid  system  is  necessary,  in  which  organic  and  structural 
diseases  are  classified  according  to  their  seat, — iu  the  nenres,  spiual 
cord,  or  brain.  With  each  group  maj  be  placed  some  nutritional  or 
functional  maladies  of  local  incidence.  The  bulk  of  these  diseases  are, 
howeyer,  best  considered  separately,  after  the  organic  diseases  baye 
been  described,  since  manj  of  them  are  of  wide  distribution  or 
uncertain  seat. 


Classification  has  two  purposes  to  serye.  It  serves  to  brins^  out  the 
differences  in  the  nature  of  disease,  and  thus  to  define  our  coneeptionn 
and  make  clear  our  distinctions.  But  this  purpose  is  less  obtrusiye 
than  the  second, — to  furnish  us,  as  it  were,  with  6brlv»*s  on  which  to 
place  our  conceptions,  and  labels  with  which  to  ticket  them,  so  that 
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we  may  find  tbem  when  we  need,  and  study  tbem  in  a  useful  order 
with  the  least  loss  of  time. 

Even  if  our  knowledge  were  perfect  it  is  not  likely  that  anj  scientific 
classification,  founded  on  natural  distinctions,  would  serve  the  prac- 
tical needs  of  an  arrangement  for  use.  Our  present  knowledge  is  un- 
questionably so  very  far  from  perfect  as  to  be  inadequate  even  for  a 
complete  natural  classification ;  while  an  attempt  to  construct  one  of 
this  character  that  shall  be  also  of  practical  convenience  is  a  mere 
waste  of  time.  For  use,  we  must  divide  where  we  ought  only  to 
distinguish ;  and  we  have  to  place  near  together,  for  convenience'  sake, 
maladies  that  should  be  not  only  far  from  each  other,  Irat  sometimes 
far  from  all  others. 


PART   I. 
GENERAL  SYMPTOMATOLOGY. 


SYMPTOMS  AND  THEIR  INVESTIGATTON. 

Thb  nervous  system  is  almost  entirely  inaccessible  ta  direct  obser- 
Tation.  The  exceptions  to  this  are  trifling:  the  termination  of  one 
nerve,  the  optic,  can  be  seen ;  some  of  the  nerve-trunks  in  the  limbs 
can  be  felt  either  in  the  normal  state  or  when  enlarged  by  disease. 
As  a  rule,  the  state  of  the  nervous  system  can  be  ascertained  only  by 
the  manner  in  which  its  work  is  done,  and  morbid  states  reveal  their 
presence  by  the  derangement  of  function  which  they  cause. 

The  functions  of  the  nervous  system  are  often  divided  into 
mind,  motion,  and  sensation,  but  they  are  far  more  extensive  than 
those  words  denote.  The  functions  of  all  the  organs  of  the  body,  all 
states  of  the  blood-vessels  and  of  the  circulation  within  them,  and  even 
all  processes  of  nutrition,  are  under  the  control  of  the  nervous  system. 
The  disturbance  of  nerve-function  produced  by  disease  is  conter- 
minous in  extent  with  the  human  organism.  Our  knowledge  of 
these  symptoms  is  constantly  increasing  in  range  and  in  degree.  They 
differ,  however,  very  much  in  relative  importance.  Some  occur  more 
frequently  than  others,  and  are  more  direct  in  significance.  Many 
have  a  special  relation  to  certain  parts  of  the  nervous  system,  while 
others  occur  in  diseases  of  all  parts.  It  may  be  well,  at  the  outset, 
briefly  to  describe  the  latter — the  general  characters  of  some  of  their 
most  frequent  symptoms ;  while  the  more  special  symptoms  can  be 
more  conveniently  considered  when  we  deal  with  diseases  of  that  part. 

Motor  Symptoms.* — Disturbance  of  motion  is  one  of  the  most 
common  effects  of  disease.  Movement  is  produced  by  muscles,  but 
the  muscles  are  excited  to  contraction  by  the  nervous  system.     Most 

*  Some  modification  of  the  words  kinetif,  akinesis,  &c.,  is  lometimet  used  to 
designate  motor  symptoms.  These  words  seem  to  me  to  add  nothing  to  onr  know- 
ledge  or  to  its  clearness— certainly  nothing  to  compensate  for  their  cnmbersome 
eharaoter ;  and  the  definite  addition  all  ruch  words  mnke  to  the  knowledge  that  has 
lo  be  aoqaircd  it  not  always  suiBciently  weiglied  against  their  supposed  advantagw. 
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alterations  of  motilitj,  both  defect  and  excess,  are  due  to  nerve  de- 
rangement. The  conditions  are  very  few  in  which  motor*  changes 
originate  in  the  muscles  themselves.  Defect  of  movement  is  of 
muscular  origin  only  in  some  cases  of  primary  alteration  in  the  nutri- 
tion of  the  muscles.  When  there  is  a  general  impairment  of  nutrition, 
the  muscles  participate  in  this ;  they  are  ill-nourished,  and  therefore 
feeble.  Such  a  condition  is  met  with  in  chronic  wasting  diseases,  in 
anaemia,  and  as  an  acute  affection  in  all  acute  febrile  diseases.  This 
ia  the  chief  cause  of  the  muscular  weakness  that  so  often  succeeds 
fevers ;  it  may  even  proceed  to  the  degree  of  causing  visible  changes  in 
the  aspect  of  some  fibres. 

In  a  few  chronic  diseases  the  muscles  undergo  a  primary  degenera- 
tion. One  is  the  disease  known  as  *'  pseudo-hjpertrophic  paralysis ;" 
and  allied  is  an  affection  in  which  there  is  atrophy  ot  the  mus- 
cles. Another  is  ossification  of  the  muscles.  In  almost  all  other 
conditions,  loss  of  power  in  the  muscles  is  dependent  on  the  state  of 
the  nervous  system,  either  directly  or  through  defective  nutrition  of 
the  muscles,  or  both.  The  nutrition  of  the  muscles  depends  on  the 
motor  nerves,  although  we  are  still  ignorant  of  the  precise  nature 
of  that  dependence.  The  subject  will  be  referred  to  again  in  the  special 
account  of  the  changes  that  result  from  injuries  to  the  nerves. 

So  also  with  increased  and  involuntary  muscular  action— spasm.    We 
know  even  less  of  what  has  been  termed  "  idio-muscular  contraction," 
that  is,  contraction  originating  in  the  muscle  itself,  than  we  do  of  the 
anailogous   paralysis.     Whenever  the  whole   of  a  muscle  contracts, 
the   contraction  is   probably   due  to   the   influence   of  the   nervous 
system   either   directly   causing  the   contraction    or  indirectly  dis- 
posing to  it.     This  is  true  even  when,  as  in  ordinary  cramp,  a  con- 
traction seems  to  us  to  be  purely  local.     We  can  scarcely  conceive  that 
all  the  fibres  of  a  muscle  can  contract  simultaneously  except  under 
centrr.l  influence.     Even  muscular  "  tone  "  is  de(»endent  on  the  connec- 
tion of  the  muscle  with  the  ner?e-centre,  since  it  ceases  when  the  con- 
nection is  destroyed.      The    partial    contractions    that  are  termed 
**  fibrillary  "  are  perhaps  local,  since  they  are  so  readily  produced  by 
mechanical  stimulation,  such  as  a  tap  on  the  muscle.     But  it  is  pro- 
bable that  fibrillary  contractions,  although  sometimes  local,  are  often 
of  central  origin.     This  is  also  true  of  the  flickering  contractions  that 
are  so  common  in  persons  whose  nervous  system  is  enfeebled,  the 
*^  live  flesh  "  of  popular  language.     They  may  occur  in  any  muscle, 
from  the  orbicuLiris  palpebrarum  (in  which  they  are  most  common)  to 
the  gluteus  maximus.     After  a  lesion  of  the  nerve-fibres  lo  the  muscle 
they  occur  in  special  degree ;  they  are  often  extreme  in  the  calf-muscles 
after  sciatic  neuritis. 

Defect  of  movement  may  present  every  dv5gree  from  slight  weakness 
to  absolute  loss.  There  may  be  inability  even  to  make  the  muscle 
contract,  or  the  voluntary  contraction  may  occur,  but  be  too  feeble  to 
move  the  parts  to  which  the  muscle  is  attached.     The  latter  difference 


is  to  fome  extent  relatiTe,  since  it  Taries  with  the  residiness  with 
which  tbe  part  cao  be  moTed — L  e,  with  the  redstanoe  to  be  orercome. 
A  contraction  that  woold  more  a  finger  maj  be  iosafficient  to  move  a 
leg.  The  dilEerence  maj  rarj  in  the  same  part  according  to  position. 
A  degree  of  power  in  the  flexors  of  the  hip,  tbat  will  more  the  leg 
when  tbe  patient  is  Ijing  on  his  side,  maj  be  insufficient  to  do  so 
when  the  patient  is  Ijing  on  the  back.  This  difference  is  even 
more  oonspicnons  in  some  other  mnscles ;  paralrsis  of  the  extensors 
of  tbe  elbow  may  be  discoTcred  onlj  on  an  attempt  to  raise  the  hat : 
in  other  positions  graritation  reallj  e&cts  that  which  the  muscle 
seems  to  do.  Sometimes  the  part  is  mof ed«  but  with  less  force  thau 
normaL 

The  term  '^  paraljsis  **  has  long  been  applied  to  all  degrees  of 
defect  of  power,  a  distinction  being  made  between  complete  and  in- 
eomplete  paraljsis.  Partial  loss  of  power  is  also  sometimes  termed 
•*  paresis.*'  The  adraDtages  of  **  paresis  **  over  the  word  **  weakness  " 
are  chieflj  psjchicaU  and  de|iend  on  the  popular  horror  of  **  paraljsis," 
due  to  its  application  to  absolute  as  well  as  to  relatire  loss  of  power. 
The  ideas  of  progress  and  incurabilit j  seem  inseparablj  attached  to  the 
term.  It  is  generallj  wisest  to  ei  plain  its  medical  use,  aud  the  fact 
that  it  has  no  significance  as  to  the  future. 

Our  means  of  measuring  defects  of  mus^cular  power  are  rerT  imper- 
feet.  The  force  of  some  movements  can  be  measured  bj  means  of  an 
instrument  called  a  **  djnamometer."  Several  forms  of  djnamometer 
hare  been  devised,  but  that  in  general  use  consists  of  an  oval  steel 
ring,  which  can  be  narrowed  either  bj  comi^ression  applied  to  its 
smaller  diameter,  or  bj  traction  applied  to  its  longer  diameter.  The 
change  in  the  shape  of  the  djnamometer,  and  therefore  the  force 
eierted,  b  shown  bj  the  movement  of  an  indei  on  a  Si-ale  that  has  a 
double  gra4]uution,  a  closer  for  compression,  and  a  wider  for  traction. 
This  form  of  djnamometer  is  known  as  '*  Cbarriere's,*'  from  the  name 
of  its  first  maker.  An  older  form  of  djnamometer  is  that  devised  bj 
Duchenne.  It  is  less  convenient  for  testing  the  grasp,  although  better 
adapted  for  indicating  the  force  of  traction.  The  use  of  these  instru- 
ments is  chieflj  confined  to  the  measurement  of  the  grasp.  The  esti- 
mation of  the  strength  of  other  movements  is  difficult,  and  liable  to 
error,  but  with  care  a  wider  use  of  the  instrument  is  pmcticable.  In 
examining  these  it  is  l>est  for  the  obserrer  to  oppose  tbe  movement 
aud  note  the  resistance  that  the  patient  can  overcome.  The  wide 
variations  in  strength  among  different  persons  renders  absolute  esti- 
mation possible  onlj  when  the  defect  is  considerable.  Slight  changes 
are  recognised  bj  comparing  the  power  on  tbe  two  sides.  It  should 
be  remembered  that  the  limbs  on  the  right  side  are  normallj  stronger 
than  those  on  the  left,  tbe  relation  being  about  as  five  to  four.  Care 
must  be  taken  to  secure  uniformitj  of  the  conditions  under  which 
the  observations  are  ma^le. 

The  two  movements  that  can  be  mostcouvenientlv  measured  bj  tL^ 


MOTOR,  7 

dTnamometer  are  the  flexion  of  the  fingers  and  of  the  hip.  The  former 
is  estimated  bjr  the  grasp ;  the  latter  bj  pressing  the  raised  leg  down 
bv  means  of  the  dynamometer  placed  over  tbe  end  of  the  femur 
above  the  knee.  The  perstm  tested  being  seated  on  a  chair,  tbe  knee 
flexed,  and  the  foot  raised  from  the  ground,  I  find  that  tbe  force 
needed  to  overcome  the  contraction  of  the  flexors  of  the  hip  is  nearlj 
the  same  as  that  of  the  gprasp  of  the  hand  in  the  same  person  and  on 
the  same  side. 

I/tco^ardination  of  Movement. — Bj  this  term  is  meant  a  defect  in  the 
co-ordination  of  muscular  contractions  bj  which  a  movement  is  pro- 
duced. Every  movement  is  due  to  the  contraction  of  a  series  of  fibres, 
which  seldom  corresponds  to  tbe  series  massed  together  in  a  "muscle.** 
Fibres,  not  muscles,  are  represented  in  the  structure  of  the  brain,  and 
those  that  cause  a  simple  movement  mav  be  in  several  muscles.  The 
synergic  action  of  these  in  a  definite  degree,  and  at  a  certain  time,  is 
essential.  So  also  is  tbe  simultaneous  contraction  of  the  opponents 
of  these  acting  muscles,  which  are  thus  steadied ;  this  antergic*  con- 
traction is  essential  for  the  exertion  of  force.  Synergic  and  antergio 
contractions  seem  to  be  directly  proportioned  to  tbe  force  exerted ; 
but  tbe  antergic  is  in  inverse  degree  to  the  movement.  Defect  in 
antergy  not  only  does  not  interfere  with  movement^  but  prevents  the 
exertion  of  force  by  permitting  an  excess  of  movement. 

But  it  is  not  customary  to  apply  the  term  "  inco-ordination  '*  to 
any  derangement  of  movement  except  that  which  is  irregular  in  time. 
The  variations  in  the  time  of  the  muscular  contractions  makes  the 
form  of  movement  variable  and  irregular.  This  irregularity  is  also 
called  "ataxy." 

A  method  of  estimating  its  degree  consists  in  making  the  patient 
suddenly  try  to  touch,  with  the  point  of  a  pencil,  a  spot  on  a 
sbeet  of  paper  suspended  before  him,  bis  eyes  being  closed  at  the 
moment  of  the  attempt.  After  a  certain  number  of  attempts  the 
average  distance  from  the  spot  of  the  dots  he  has  made  is  ascertained, 
and,  compared  with  the  result  given  by  a  normal  individual,  affords 
a  numerical  indication  of  the  degree  of  inco-ordination.  The  method 
is  effective,  although  the  result  is  perhaps  scarcely  worth  the  trouble.f 

Whenever  there  is  inco-ordination,  spontaneous  movements  occur 
if  the  patient  tries  to  hold  the  limb  in  a  certain  posture ;  the  varying 
degree  of  contraction  deranges  the  fixation  as  well  as  the  movement 
of  the  limL :  deranged  fixation  means  spontaneous  movement,  co- 
ordination being  essential  for  steadiness  of  uniform  contraction,  as 
Well  as  for  the  steadiness  of  the  varying  contractions  of  movement. 
These  involuntary  movements  constitute  a  delicate  test  lor  tbe  presence 
of  ataxy. 

It  is  necessary  to  distinguish  co-ordination  and  the  direction  ol 

*  I  use  this  tenn  becaase  we  have  none  to  express  antagronistic  oo-operatiuo.   Thij 
U  »vnchronoiu  with  that  of  the  acting  mascle,  but  not  hj  ut:rgiob 
t  Blix.  •  Neur.  Centmlb..'  1884,  p.  83. 
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fwof^nm^ni  to  a  dHSnite  eod.  The  motor  procew  for  the  latter  depends 
OD  true  Mensorj  guidance,  chieflj  on  the  aenaet  of  toacb  and  aigbt. 
It  tbut  dejxfnda  on  perip)ierai  guidanoe.  A  aempatreM  with  lota  of 
seoaation  in  the  fingers  cannot  kew  aoless  she  constantlj  watches 
them.  A  eoui[>ositor»  wiio«e  sense  of  touch  is  dulled  upon  the  tips  of 
tbuiub  and  index  finger,  cannot  pick  up  the  trpe,  or  if  he  doeB  pick 
it  up,  drops  it  agaiu,  unleM  be  oonstantlj  watches  the  moTement. 
Btrictlv,  this  is  included  in  the  idea  of  co-ordination,  but  its  loss  is 
not  spoken  of  as  iooo-ordiuatioo.  There  is  also  a  peripheral  guid- 
ance froui  the  uiui^b^,  but  this  is  reUled  to  co-ordination  proper, 
ratlier  tbau  to  the  direction  of  moTenient.  and  it  will  be  more  con« 
venientlj  considered  in  connection  with  the  functions  of  the  spioal 
cord.  Indeed,  the  mechanism  of  co-ordination*  and  the  deftnrt  in  the 
elements  of  the  process  that  cause  inoo-ordination,  can  onlj  be 
discussed  in  connection  with  thoM;  f  uuctiona. 

Bebtsobt  BrMPTOMS. — Deranged  sensation  is  another  Terr  common 
sjmptom.  It  has  often  to  be  seaicbed  for,  as  a  significant  defect  maj 
be  unknown  to  the  patient.  Each  forui  of  sensation,  touch,  tempera- 
ture, and  pain,  must  be  separatelj  tested,  since  one  maj  be  affected 
and  not  another. 

/^en$ibility  to  Touch, — The  structures  that  subserre  tactile  sensibilitT 
are  stiuiuhited  chiefl?  bj  motion — bv  change  in  contact.  Prolonged 
contact,  uniform  in  its  degree  and  place,  is  perceived  but  little*  and 
only  bj  close  attention.  It  is  the  change  that  excites  an  impulse.  In 
testing  tactile  sensibility  care  must  be  taken  that  the  instrument 
employifd  does  not  give  an  impression  of  heat  or  cold,  lest  the  patient 
|>erceive  bj  the  sense  of  tem|>eniture,  that  which  he  cannot  peroeire  bj 
the  sense  of  touch.  The  observer's  finger  maj  be  used,  if  it  is  not  cold, 
or  the  skiu  may  be  touched  with  the  feather-end  of  a  quill,  a  piece 
of  string,  &q.  The  eyes  of  the  patient  should  be  closed  during  the  exam- 
ination, and,  since  he  is  apt  to  fancy  that  he  feels  a  light  touch  when 
he  does  not,  he  should  occasionally  be  asked  if  he  can  feel,  when  no 
contact  is  made.  Loss  of  sensibility  to  touch  is  termed  "  ansesthesia," 
but  this  word  is  often  applied  loosely  to  all  forms  of  impaired  sen- 
sibility. 

In  examining  the  tactile  sensibility,  it  is  important  to  ascertain,  not 
only  whether  the  patient  can  feel,  but  whether  he  is  able  to  recognise 
the  place  touched, — whether  he  can  correctly  *'  localise  "  the  sensation. 
For  this  he  must  be  asked,  not  only  whether  he  feels  the  touch,  but 
also  to  say  or  fioint  out  where  he  feels  it.  The  part  touched  should  be 
frequently  varied.  Another  test  for  tactile  sensibility  depends  on  the 
fttct,  ascertained  by  E.  H.  Weber,  that  the  distance  apart  at  which 
two  points  are  discriminated  is  nearly  the  same  in  different  individuals 
in  the  same  part  of  the  body,  although  it  varies  much  iu  different 
piirts  of  the  body.  The  normal  distance  beinpf  knowu,  the  increased 
distance  at  which  the  puiuU  have  to  be  ))lacod  for  their  discrimination 
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is  a  measure  of  the  degree  of  defect.  The  points  should  not  1>e  so 
sharp  as  to  occasion  pain.  Common  compasses  maj  be  employed, 
but  the  most  convenient  "sesthesiometer"  is  one  contrired  bj  Sieveking, 
in  which  the  compass  points  are  attached  to  a  g^raduated  bar.  The 
greater  the  degree  of  tactile  sensibilitj»  the  nearer  together  can  the 
points  be,  and  still  be  discriminated.  The  distance  at  which  thej  are 
normallj  distinguished  must  be  known  before  any  inference  can  be 
drawn.  The  most  important  average  distances,  ascertained  bj  Weber, 
are  as  follows:  the  distance  is  smallest,  ».  e,  the  sensitiveness  is 
greatest,  at  the  tip  of  the  tongue,  where  the  points  are  discriminated 
when  onlj  1*5  mm.  apart.  Then  come,  in  order  of  sensitiveness, 
the  finger-tips,  2  to  8  mm. ;  the  lips,  4  to  5  mm. ;  the  tip  of  the  nose, 
6  mbi. ;  the  cheeks  and  the  backs  of  the  fingers,  about  12  mm. ;  the 
forehead,  22  mm. ;  the  neck,  34  mm. ;  the  forearm,  lower  leg,  and 
back  of  foot,  40  mm. ;  the  chest,  45  mm. ;  the  back,  60  mm. ;  the 
upper  arm  and  thigh,  75  mm.  Slight  variations  exist  in  different 
individuals,  and  a  deviation  from  the  normal  that  is  uniform  in 
degree  throughout  the  body  is  probably  physiological.  In  using  this 
test  it  is  necessary  to  touch  the  skin  with  the  two  points  at  the  same 
moment,  and  with  equal  pressure.  The  examination  requires  time 
and  patience,  and  the  results  are  considerably  modified  by  the  intel- 
ligence of  the  patient.  Moreover,  the  power  of  discrimination  is 
increased  by  practice.  It  is  rare  to  obtain  a  conclusive  result  unless 
there  is  a  degree  of  defect  that  causes  a  slight  absolute  loss,  such  as 
may  be  detected  with  a  feather.  For  these  reasons,  the  practical  value 
of  the  test  is  less  than  was  at  first  anticipated.  It  is  most  useful  for 
the  estimation  of  changes  of  sensibility  in  the  same  person  and  the 
same  part. 

Another  test  that  has  been  proposed  is  to  move  a  pointed  object 
along  the  skin,  and  note  the  minimum  movement  that  can  be  re- 
cognised as  such  (Leube).     This  test  has  not  come  into  general  use. 

Curious  modifications  of  tactile  sensibility  are  sometimes  observed. 
In  one  of  these,  a  single  touch  is  felt  as  if  it  were  two  or  even  three,  a 
condition  that  has  been  termed  "  polysesthesia"  (Fischer) .  In  another, 
an  impression  on  one  part  is  referred  to  some  other  part,  usually  in  the 
same  limb,  rarely  in  another  limb.*  In  another  variety,  an  impression 
on  one  part  has  been  referred  to  the  corresf)onding  place  on  the 
opposite  sido  of  the  body  ;  this  has  been  termed  "  allocheiiia  '* 
(Obersteiner). 

Perception  of  the  degree  of  pressure  on  the  skin  is  probably  sub- 

*  In  most  persons  there  are  spots  in  the  skin  whence  a  painfal  sensation  seeras  to 
dart  to  a  distant  place;  tf.^.  a  prick  on  the  thigh  in  a  limited  area  may  be  felt  also 
as  a  sharp  pain  near  the  scapula.  This  shows  how  structural  connections  must  exist 
favouring  the  "reference"  of  sensation  to  a  distance  from  the  nerve  stimulated. 
Another  instance  of  the  same  perverted  reference  is  presented  by  the  frequent 
neuralgic  pain  in  one  jaw  due  to  a  earious  tooth  in  the  other  jaw,  which  seems 
pi&inless. 
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aenred  by  the  nerves  for  tactile  sensibilitf .  It  ina;^  ^  estimated  bj 
simple  pressure  applied  through  aoy  instrument,  or  by  small  weights, 
or  by  an  instrument  contrived  for  measuring  tbe  pressure  applied  to 
&a  artery  to  oscerttiia  the  tension  of  the  pulse.  In  this,  a  spring 
indicates  the  degi-ee  of  pressure  applied.  The  part  tested  must  be 
supported,  bo  thiit  the  miisi^les  are  not  brought  into  action.  Tlie 
point  to  be  Bscertained  is  the  minimum  voriHtion  that  can  be  recog- 
niRed.  In  healtfa,  this  is  about  one  twentieth  of  the  total  pressure, 
whatever  the- latter  may  be  (Weber). 

Sentibiliiy  to  pain  is  subserved  by  wbutare  called  nerves  of  "  common 
sensibility."  It  may  be  tested  by  a  prick  or  a  pinch.  For  a  prick, 
too  fine  a  point  must  not  be  used,  not  only  because  a  sharp  poiut  may 
penetrate  tbe  skin,  bat  because,  in  tbe  less  seusitive  parts  of  tbe  Ain, 
where  the  terminal  nerve-plexus  is  wide,  a  fine  point  may  here  bo 
unfelt,  although  felt  readily  at  a  place  close  by.  ITothiiig  answers 
better  than  the  point  of  a  quill  pen.  Tbe  faradio  current  may 
be  employed  to  test  sensibility  to  pain,  wire  terminals  being  most 
Buiiable  for  the  pur^iose.  Its  advantage  is  the  delicacy  with  which  it 
can  be  graduated,  but  it  does  not  furnish  any  absolute  standard,  and 
needs  mure  study  before  it  oin  be  usefully  employed. 

Sensibility  to  pain  may  be  changed  with  or  witliout  sensibility  to 
touch.  Its  loss  is  termed  "  analgeiiia,"  hut  is  ofteu  included  in  the 
general  term  "  anrasthesia."  A  painful  sensation  is  often  felt  more 
acutely  than  normal;  this  is  called  "  hypt^i-nsthesia,"  or,  more 
correctly,  "  hyperalgesia."  Occasionally  a  touch  on  tlie  skin  gives  rise 
to  piiiu,  but  it  is  probable  that  this  is  due  to  the  stimulation  of  the 
orer-Beniiitive  nerves  of  common  sensibility,  and  is  not  an  intensifica- 
tion of  a  tactile  sensation.  Both  tactile  and  painful  im|>ressiuns  may 
produce  sensations  tliat  are  abnormal  in  character,  described  as 
"  thrillins,"  "  tingling,"  &a.  This  perverted  sensation  has  been  termed 
"  partsstbosia,"  or  "  Jyseesthesia,"  words  tbiit  have  also  been  applied 
to  purely  subjective  seusations. 

Smtibilitj/  to  temperature  is  usually  affected  with  sensibility  to  pain, 
but  olteu.  not  in  the  Sdme  degree,  and  one  may  be  impaired  without  the 
»[her.  There  may  be  an  abxoliite  inability  to  recognise  eitberheator 
^Id  as  such,  or  slight  degreiis  of  eacb  may  be  un perceived  while  con- 
siderable degrees  are  rect^nised  correctly.  In  tbe  latter  case  there  is 
impairment  of  the  power  ot*  perceiving  differences  in  tem|>erature, 
xnalogoua  to  the  defect  in  tbe  perception  of  differences  in  pressure, 
rhere  may  be  observed  sensation  wbereby  hot  olgt-cts  feel  cold,  and 
'.old  objects  hot.  The  pain  tfaut  extreme  degrees  of  temperature 
lormally  pi'oduce  may  be  felt  with  undue  readiness,  or  less  readily 
Juu  normal.*  When  tbe  interval  that  elapses  before  a  sensatioii  of 
nisfiilt  is  in(^rt.'as<'d,  Boalsoisthetemperaiure;  if  Bensation  of  pain 
IvUycd,  that  of  temperature   may  be  delayed  also.     It  must  be 

•  ijue  on  this  potut  Uoiistli, '  Arch.  (.  Pijrvii.,'  lid.  iv. 
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remembered  that,  in  health,  this  senj>ation  is  slower  than  that  of  pnin, 
because  time  is  required  to  raise  the  temperature  of  the  skin  suffi- 
ciently to  stimulate  its  nerves.  For  coarse  examination,  hot  and  cold 
spoons  may  he  employed,  or  a  hinged  tongue  depressor,  one  half  of 
which  is  warmed.  Both  heat  and  cold  must  be  sufficient  in  degree  to 
be  unquestionable,  so  that  hesitation  in  a  patient  is  certainly  subjec- 
tive, and  not  due  to  equivocal  "  lukewarmness."  For  ascertaining  the 
|>ower  of  differential  discrimination,  test-tubes,  containing  water  at 
different  temperatures,  are  necessary.  For  practical  purposes  the 
result  thus  obtained  is  hardly  commensurate  with  the  time  required 
for  the  examination. 

It  is  always  necessary  to  test  separately  the  sensibility  to  heat  and 
to  cold,  as  there  is  strong  reason  to  believe  that  they  are  subserved  by 
different  nerves.  If  very  minute  points  of  the  skin  are  examined,  it  is 
found  that  at  some  points  only  heat,  at  others  only  cold,  is  perceived. 
The  stimulation  of  points  of  the  skin  by  electricity  shows  also  that 
at  some  points  the  peculiar  electrical  sensation  is  produced,  at  others 
sensation  of  cold,  at  others  sensation  of  heat.  Further,  the  points 
identified  as  "cold  points"  and  "warm  points'*  by  the  one  method 
correspond  with  the  points  ascertained  by  the  other  method.*  The 
conclusion  from  these  observations  is  confirmed  by  the  fact  that  in 
disease  the  sensibility  to  heat  and  to  cold  may  be  affected  in  different 
degrees. 

AInseular  SemihUity. — The  term  "muscular  sense,"  as  often  used« 
includes  more  than  one  form  of  sensation.  There  is,  first,  a  true 
muscular  sensibility.  The  muscles  are  abundantly  supplied  with 
sensory  nerves,  which  are  said  to  end  in  the  interstitial  tissue  between 
the  muscular  fibres  (Tschirjew).  They  seem  to  be  stimulated  by  pres- 
sure and  traumatic  processes,  like  other  sensory  nerves,  and  also  in  a 
special  way — by  traction  on  the  muscle.  Thus  a  squeeze  of  the  calf 
causes  a  muscular  sensation  of  an  undeniable  quality,  and  strong 
[•assive  flexion  of  the  foot  on  the  leg  produces  a  sensation  which  is  dis- 
tinctly produced  in  the  muscle.  They  are,  moreover,  strongly  stimu- 
lated when  the  fibres  are  shortened  by  extreme  contraction,  which 
causes  the  most  acute  pain  that  is  ever  felt  in  the  muscles.  It 
must  be  ascribed  to  the  compression  of  these  nerve-endings,  since 
apparently  no  afferent  impressions  come  from  witbin  the  fibres.  It 
is  thus  a  proof  of  their  susceptibility  to  pressure-excitation.  After 
cramp,  the  nerves  are  left  in  a  state  of  such  exalted  excitability  that 
slight  extension  of  the  muscle  gives  rise  to  pain,  although  such 
extension  has  no  sensory  effect  in  the  normal  state.  Thus  these  two 
mechanical  influences  are  those  to  which  these  nerves  are  chiefly 
sensitive.  The  muscular  pain  caused  by  electrical  stimulation,  as 
distinct  from  the  paiu  felt  in  the  skin,  may  be  due  to  the  stimula- 

•  Blix.  •  Zeitechr.  f.  Biologic,'  Bd.  xx,  p.  141 ;  Ealenberg. '  Zeituchr.  f.  klin.  Med.,' 
Bd.  ix.  Heft  iL     The  obterratious  have  also  been  corroborated  by  Guldsclu  ider  and 

HiTZtfU. 
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tioa  of  these  nerres,  ebieflj  direct.  Bat  these  eeDsations  of  paio, 
although  dae  to  **  matcuhir  seosibilitj/'  are  not  indaded  in  the  term 
**  mascahur  sense."  Thej  are,  hoverer,  of  great  importance  on 
sooount  of  the  oonclusiTe  eridenoe  tbef  afford  of  the  mode  in  which 
these  nerres  can  he  stimubited. 

The  chief  knoirltrdge  that  is  ascribed  to  the  "  mnscalar  sense  "  is 
that  of  tbe  character  of  movement  and  posture  due  to  the  action  of 
the  muscles,  and  also  of  the  character  of  passire  movement  (bj  an 
<rztemal  for\.«)  and  of  posture  when  the  muscles  are  at  n»t.  It  is 
evident,  bovever,  that  bere  we  have  two  verv  different  ojuditions — in 
one  of  which  there  is  sctivitT  of  all  the  motor  elements,  while  in  the 

m 

other  these  are  at  rest.  Without  motor  action,  there  cau  be  onlv  the 
sensory  action  that  never  ceases ;  in  active  states  this  continues,  but 
motor  action  is  superadded.  Henoe,  these  two  elements  that  are 
comprehended  in  the  term  must  be  fieparatelv  oonsidei^:^ 

Stnuige  to  sav,  the  problem  that  ap(«ar»  th«  more  com | ilex  receives 
most  elucidation  from  certain  facts.  We  have  almost  direct  evidence 
of  the  source  of  our  knowledge  of  active  posture  and  movement,  while 
we  have  onlj  indirect  evidrnce  of  the  origin  of  our  kuuwledfie  of 
psssive  movement  and  rest-post  ura. 

The  evidence  shows  that  the  former  is  due,  at  least  in  gT>?at 
measure,  to  the  effect  on  consciousness  of  the  activitv  of  the  oelis 
causing  the  muvement^  The  proof  of  this  consifrts  in  two  facts.  (1) 
1a  psisv  of  an  ocular  muscle,  objects  seru  are  referred  to  the  position 
^in  relation  to  the  lioJ v)  thiit  thej  would  oocupv  if  the  movemeut 
oorresiiondtd  to  the  innerration  ;  it  is  the  latter,  i.  e.  the  activitv  of 
the  zterre-cells,  to  which  the  perce}*tii>n  of  movement  corresponds. 
^2)  After  am]*utation  of  a  limb,  a  person  who  makes  an  efEuzt  to 
move  the  lost  part,  seems  to  feel  the  |art  more  ju&t  jas  if  he  di  i  move 
tu  These  facts  sh<>w  that  the  mi*tor  ]*rocess  i»  the  chief  source  of 
cmr  ksv*wled:*e.  But,  in  the  i-ase  of  such  a  phenomenon,  we  an* 
oat  jua^ti^ed  in  sssuming  that  the  source  of  the  ciiief  is  the  s^iuroe  of 
the  whole.  The  i-ierception  is  not  so  well  denned  as  to  jiermit  us  to 
siv  that  it  mav  not  in  some  minor  decree  be  the  result  of  the 
ioflnezK^  slx*ut  to  be  described,  which  msv  eo-<*perate  with  the  sense 
of  active  innervation,  although  we  mav  be  unable  u>  di>^vm  the 
difference  ihat  it  makes  in  the  total  insult.  Indeed,  if  the  folluwiug 
resisouing  is  valid,  such  co-of oration  must  be  sdmitted. 

Onr  knowledge  oi  rest^ posture  and  )iassive  movement  must  be 
derived  from  in-cx>ming  impulses.  Xo  other  source  for  it  is  pc».-Mble. 
Tbe  afferent  im]«ulses  to  which  the  know  edge  is  due  are  not  thi*se 
from  tbe  skin ;  the  sense  of  jo>ture  mav  be  lo>t  wheii  cutaneous 
sensitdiiTv  is  nornLil:  and  converselv,  the  skin  mav  hav  -  ]i>»t  most  of 
its  sensitiveness  when  this  kmtwledire  is  }ierfect.  Tbese  !wo  facts  ara 
2  Jusira:^  bv  unilateral  lesions  of  the  «:i»iuai  coi\i,  as  me.i  as  bv  other 
srmTitoms  of  disesse.  Tbe  jaourre  of  these  ]»eroepTions  must  there- 
fure  be  tbe  deeper  nerves,  those  of  themusoles  ST.d  ;-*:nTs  and  chieflj 
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of  the  former.  When  the  subject  of  central  co-ordination  is  dis- 
cussed, evidcDce  will  be  adduced  to  show  that  those  afferent  impulses 
from  the  muscles  pass  to  the  cerebellum  and  act  through  ijt  on  the 
motor  cells  of  the  cerebral  cortex,  regulating  their  state  and  controlling 
tbeir  activity,  the  continuous  slighter  activity  of  "  rest,"  and  the  occa- 
sional greater  activity  that  the  will  induces.  In  this  influence  on  the 
cells  (or  rather  in  the  effect  it  produces),  we  have  a  source  for  these 
perceptions  of  passive  states.  We  are  thus  led  to  refer  our  perceptions 
of  passive  posture  to  the  same  cells  as  give  rise  to  our  perceptions  of 
active  posture.  Our  knowledge  is  the  result  of  perception  and  not  of 
sensation  proper ; — the  impulses  that  cause  our  perception  of  passive 
states  are  not  directly /ei^.  That  these  impulses  also  enter  into  our  per- 
ception of  active  states,  completing  them,  and  rendering  them  perfect, 
is  highly  probable. 

Our  recognition  of  resistance  to  contraction  affords  one  of  the 
most  delicate  tests  for  "  muscular  sensibility."  It  is  used  by  testing 
the  ability  to  detect  differences  of  weight,  t.  e.  variations  in  the 
resistance  to  contraction.  In  this  examination  the  patient's  eyes 
should  be  closed,  and  the  objects  used  should  be  of  uniform  size. 
Leather  balls  like  small  cricket  balls,  containing  various  weights  from 
two  drachms  to  two  pounds,  are  in  use  at  the  Queen  Square  Hospital 
for  this  purpose.  It  is  desirable  to  eliminate  as  far  as  possible  the 
stimulation  of  the  cutaneous  nerves.  This  may  be  effected  in  three 
ways:  (1)  Beducing  it  to  a  minimum  area,  placing  the  weights  in  a 
bag  suspended  by  a  string  to  the  part  to  be  tested,  so  that  only  a 
small  area  of  the  skin  shall  be  pressed  upon ;  (2)  by  increasing  it  in 
area  (Hitzig),  so  as  to  lessen  the  pressure  in  any  given  area  such  as  is 
pressed  upon  in  the  ordinary  way  ;  (3)  by  increasing  the  pressure  in 
both  area  and  degree,  so  that  the  addition  affected  by  the  weight  shall 
bear  only  a  small  proportion  to  the  total  stimulation.  This  may  be 
done  by  attaching  the  weight  to  the  lower  of  two  bands,  one  above  the 
other,  below  the  part  of  the  limb  to  be  tested. 

(1)  The  point  to  be  tested  is  the  power  of  discriminating  weight. 
This  is  greater  than  in  the  case  of  the  nerves  of  the  skin,  since  a  differ- 
ence of  one  fortieth  of  the  total  weight  can  be  recognised  under  normal 
conditions.  (2)  The  sensitiveness  of  the  muscles  to  pressure  and  trac- 
tion. (8)  Their  sensitiveness  to  electrical  stimulation.  It  is  difficult 
to  test  accurately  the  electro-sensibility  unless  the  sensitiveness  of  the 
skin  is  removed,  as  by  the  injection  of  cocain. 

The  power  of  recognising  the  posture  into  which  the  limb  is  put  is 
also  regarded  as  a  test  for  muscular  sensibility  ;  if  cutaneous  sensi- 
bility is  normal  the  parts  handled  must  be  grasped  firmly,  and  pressed 
on  both  sides,  so  that  the  direction  of  pressure  may  not  suggest  the 
posture.  Several  observations  should  be  made  to  eliminate  the  chance 
of  accidental  error. 

BsFLSX  Action. — Many  symptoms  of  disease  of  the  nervous  system 


14  STurrovs. 


Asd  v«  can  'ncm  oxAj  consM^r  tbeir  gifrn^eT&I  chAracterm. 
£k£k  MS2'.«  2A  eff<«cted  thrcmgtk  ui  ^ff^ret^l  %eatfXT  nerre,  an  efferent 
^tKAijfz  ZMKrre*  a&d  a  cjitem  o<  berTe-c^rlls  aui  fibres  e&s.n-ectinir  the 
nr^  i::  i^  vf 'C&jkl  e&ri,  the  ^  leAex  eeLtfe.**  Tse  ontrv  it  nsoallj  a 
coBLfttrX  «a>i  '.fi«&  exteofiTe  ftroetaie,  and  m  it  are  fAihs  of  differvnt 
''rHURUh::^;,*'  «j<'.«n&m.xg  the  f onn  of  rtftrx  action  and  :t*  extent, aeo-*rd- 
zixz  to  ijut  A(>*.rce  and  intensirT  of  the  lensc^  xmpreaHiMi.  The  reflex 
c«&:re2*  bs^vMs  tike  roo^  iA  the  teiu^j'rj  azMi  nK4or  nerrei  concerned, 
ajki  viih  t  !j«a  e^iosshntei  vtat  mav  ie  terated  a  **  reflex  arc.**  The 
masmxj  is.p:ilse  maj  not  onlj  excite  a  m^jtor  pfoeesa,  it  maj  also  pass 
vp  *.€»  the  brain,  acid  etfeei  eonicioiuness  aa  a  aeiuauioii.  It  is  proUi'*le 
taas  t£r**^  %rt  snbsirTTed  bj  the  same  oerre-fibiresv  so  far  as  the  skin 
Bflrres  are  w/s^eroed,  bat  bT  different  fibres  from  the  moscies.  Farther, 
i^  T*Aa.  <«&tie  of  the  spinal  eord  is  to  some  extent  nnder  the  control 
«<  «c4»»pc^a2ic  ceotres — a  pofint  of  rerr  eremt  im|ionaaee.  Tvo  chief 
for^  cf  re-flex  sctkm  most  l«  distinguished.  The  first  is  that 
e^CTUd  e^idlj  b^  stimulation  of  the  skin ;  the  second  is  that  vhicfa  is 
csei^sc^i  bf  a  feealiar  mode  of  stimaiation  of  deer^r  nerres,  prol^blr 
•a^Iy  tboce  of  the  mvseles.  The  Utter  is  obtained,  among  other  wajs, 
\fw  tapping  a  tendon,  and  th^t-refore  wss  at  first,  and  sull  is  sometimei^ 
caZjftd  **  te&doB- reflex  action  ** — a  most  nndesiraMe  name^ 

CmL/MMmM  RefLa  Actum, — The  reflex  morements  obtained  from  the 
skim  are  excited  either  hj  a  gentle  stimulation,  as  a  toach,  than 
hw  a  strf>cg.  painful  impression.  Ther  consist  of  a  single  moTemeot 
in  ^Mtft  isjtaoees,  either  qaiek  or  slov,  bnt  often  somewhat  complex, 
aari  ^xteofiTe  in  pr*>p>rtio«i  to  the  degree  of  the  stimulation  effected, 
amd  to  the  character  <^  the  sensorr  stimulation.  Oftrn  muscles  at  a 
^f?«^^~^  are  influenced  bj  a  powerful  stimulation,  eitiier  witti  otbent 
or  akoe.  A  strong  impression  maj  cause  a  reflex  action  so  vide  as 
lo  xnr^vv  most  of  the  muscles  of  the  bodr.  As  a  rule  a  painful 
tm^rewon  etaies  a  quick  flexion  moTement,  as  if  for  escape.  Thus 
a  pr>k  near  the  knee  causes  a  reflex  flexion  of  the  hip.  On  the  othr-r 
hsjLd,  a  tactile  impression  causes  a  much  more  eompltrx  and  irregular 


The  sli^rbter  d<>gTeps  of  excitation  cause  a  contraction  in  the  mus«'les 
clote  to  the  part  of  the  skin  that  is  stimulated,  the  impul^?  i^assing, 
in  the  spiEial  cord,  onlr  to  the  related  motor  centres.  This  limita- 
tu>a  of  the  process  renders  them  imjortant  in  diagnosis,  as  vill  le 
shown  in  the  chapter  on  the  funvtiotu  of  the  spinal  cord.  wLere  thej  are 
more  fullT  described.  The  cutaneous  reflex  actions  maT  be  excited  at 
almost  anj  part  of  the  skin,  but  at  some  parts  ther  are  rerj  definit^f  iu 
character,  and  are  distinguishe*!  bj  special  names.  The  most  important 
are  the  *^  plantar  reflex,"  from  the  sole ;  the  ^  gluteal  reflex/'  a  contrac* 
tion  in  the  gluteiu  when  the  skin  over  the  muscle  is  stimulate ;  the 
^  cremaster  rrflex/*  a  retraction  of  the  testicle  on  stimulation  of  tb«r  skin 
on  the  inc^rpart  of  the  thigh  ;  the  **abdominai  r«:tiex/'  in  tLe  muscles 
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of  the  abdominal  wall  when  the  skin  over  the  side  of  the  abdomen  is 
stroked ;  the  upper  part  of  this  reflex  is  a  very  definite  contraction 
at  the  epigastrium,  and  has  been  termed  the  "  epigastric  reflex.'* 
A  series  of  reflex  actions  may  be  obtained  in  the  muscles  of  the  back, 
the  highest  being  in  the  muscles  of  the  scapula.  Others  mav  be 
and  have  been  distinguished  and  named,  but  this  process  may  easily  be 
carried  too  far.  These  spinal  reflex  actions  vary  in  their  excitability 
in  different  individuals,  and  are  always  more  readily  produced  in  the 
young  than  in  the  old.  In  the  region  of  the  cranial  nerves  the  most 
important  reflexes  are  those  of  the  eye — (1)  the  conjunctival  reflex, 
(2)  the  contraction  of  the  iris  on  ex(K>sure  of  the  eye  to  light,  and  its 
dilation  on  stimulation  of  the  skin  of  the  neck. 

MuBcU  Reflex  Action ;  **  Tendon-refl^exes.^* — The  second  group  of 
phenomena  which  depend  on  reflex  action  were  first  systematically 
studied  by  Erb  and  Westphal.  All  occur  in  muscles  that  are  in  a  state 
of  slight  tension,  and  are  produced  by  a  sudden  increase  of  this  tension 
or  by  some  other  sudden  mechanical  influence,  but  voluntary  contrac- 
tion superadded  to  passive  tension  diminishes  or  prevents  them.* 

The  first  of  these  is  the  jerk  of  the  leg  which  occurs  when  the 
patellar  tendon  is  tapped.  It  has  been  called  the  '*  knee-phenomenon '' 
by  Westphal,  the  **  patellar  tendon-reflex  *'  by  Erb,  the  "  knee-jerk  *• 
by  myself.  To  obtain  the  jerk,  the  knee  must  be  flexed  so  that  the 
quadriceps  femoris  is  gently  extended,  and  the  leg  must  be  free  to  move. 
If  then  the  patellar  tendon  is  struck,  the  quadriceps  contracts  and  jerks 
the  leg  forwards.  The  most  convenient  position  is  with  the  knee  to 
be  tested  flexed  nearly,  but  not  quite,  at  a  right  angle.  The  posture 
commonly  employed  is  with  the  leg  to  be  tested  across  the  other,  the 
knee  of  the  supporting  leg  being  at  a  right  angle  (Fig.  1).  But  if  the 
leg  to  be  tested  is  stout,  its  tension  in  this  position  may  be  too  great 
to  permit  of  any  movement.  In  such  case  the  observer  may  place  his 
arm  beneath  the  patient's  thigh,  just  above  the  knee,  and  rest  his  hand 
on  the  patient's  other  knee  (Fig.  2).  Children  may  sit  on  the  edge  of 
a  chair,  adults  on  the  edge  of  a  table.  If  the  legs  are  vertical,  the 
effect  of  the  recoil  and  of  the  muscular  contraction  must  be  carefully 
distinguished.  If  the  bent  fingers  of  each  hand  are  interlocked,  and 
the  hands  pulled  strongly,  the  knee-jerk  occurs  more  readily  (Jen- 
drassik).  It  is  essential  that  both  sets  of  muscles  should  be  free  from 
voluntary  contraction.  Any  contraction  of  the  flexors  may  be  ascer- 
tained by  feeling  the  hamstring  tendons,  and  pressure  on  these  by  the 
fingers  often  helps  to  secure  relaxation.  The  blow  may  be  given  by 
the  side  of  the  hand,  a  percussion  hammer  (Fig.  2),  or  a  stethoscope 
with  an  india-rubber  edge  to  the  ear-piece.  If  the  jerk  is  doubtful, 
the  skin  should  be  bared.  In  many  cases  the  movement  may  be 
obtained  by  a  downward  blow  upon  the  patella,  by  a  blow  on  the 

*  This  U  Dot  in  harmony  with  the  resulu  of  the  experiments  of  Weir  Mitchell ; 
bnt  his  facts  are  inadequate  to  establish  bis  gtatement.  The  conditions  that  influence 
the  i-henoniena,  and  the  effects  of  ihese,  are  very  complex. 
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quadriceps  teadnti  abore  the  patella,  or  b7  a  blow  on  the  Bubstanc* 
of  the  muscle— in  fact,  b;  any  tnechunical  stimulatioo  that  can  reach 
the  Diuscte— almost  as  readily  and  stronglj  as  bj  a  blow  on  the 
patellar  tendon.  When  it  is  in  exnesG,  it  may  be  conveniently 
brought  out  in  a  somewhat  different  way.  As  the  patient  lies  in 
bed,  the  finger  of  one  band  U  plaued  across  the  quadriceps  tendon 
jnat  above  tlie  putella,  aud  the  patella  pushed  dowu,  so  as  to  male 


Pia.  I.— Thk  Khib-Jbbk.  Fie.  2.— Tbb  Kicbb-Jbrk. 

Tb«  dotted  Uoe  indicaiai  tlie  mOTement  lletliod  of  obttlning  it  when  It 
wliich  follow*  lbs  blow  oo  tbe  puflUr  i*  D'>t  rewlily  prudaoad  in  tb* 

tendoo.  onliiiary  way. 


tne  quadriceps  tense.  The  finger  ia  then  percussed  in  the  direction 
in  which  the  patella  is  being  pushed,  so  as  suddenly  to  increase 
the  tension  in  the  muscle.  The  blow  is  instantly  followed  by  a 
GontraclioD,  jerking  the  patella  and  finger  upwards.  Tory  often  this 
■ingle  contraction  is  immediately  succeeded  by  a  second,  and  this  by  a 
third,  and  so  on — a  series  of  quick  clonic  contractions,  or  "  clonus," 
recurring  as  frequently  as  eight  per  second.  By  grasping  the  patella 
firmly,  and  suddenly  pushing  it  downwurds,  so  as  to  make  the 
muscle  tense,  this  clonus  may  also  be  set  up.  It  may  continue  as 
long  as  tension  is  kept  up,  but  instantly  ceases  when  the  muscle  is 
relaxed. 

The  next  important  phenomenon  belonging  to  this  group  oceurs  at 
the  ankle-joint.  If  the  calf-muscles,  which  are  connected  with  the 
Achilles  tendon,  are  made  t^nse,  and  this  tendon  is  tapped,  the 
muscles  contract,  causing  a  slight  extension  movement  of  the  foot ; 
just  as  the  muscles  of  the  thigh  contract  when  the  patellar  tendon  is 
■truck.  In  cases  in  which  these  phenomena  are  excessive, — just  as 
■udden  tension  in  the  thigh- muscles  will  cau^  a  contraction,  followed 


such  ca.sca,  if  tLe  calf-muBclea, 


by  others  in  a  cimtinuous  series  -si 
whiub  eitend  tha  ankle-juint, 
■re  suddenlv  put  on  the  stretch  / 
bjr  pressing  the  hand  against  ^^^ 
the  sole  of  the  foot  (Pig.  8),  a  ' 
quick  contracUou  occurs,  in- 
Btantlv  ceasing,  but  if  the  pres- 
sure is  kept  up,  instantly  re* 
Dewed,  and  recurring  as  long 
&8  the  tensioii  is  maintained, 
as  a  clonic  series  of  spasmudic 
contracliona — the  "  aukle-clo- 
nus"  or  "foot-clonus"  (or 
"  foot- phenomenon  "  —  West- 
phal)-  It  can  often  be  obtained 
best  when  the  knee  is  not  com- 
pletelj  extended.  The  move- 
meut  is  Tery  unifonn  under  the  same  conditions,  varying  from  six  to 
nine  contractions  per  second.  By  attaching  a  writing  point  to  the 
foot,  and  making  it  trace  a  line  on  a  revolving  cylinder  coTered  with 
blackened  puper,  tracings  may  be  obtained  (Fig.  4),  which  are  almost 


aa  regnlar  as  those  of  a  tuning-fork.  The  clonus  in  the  eitensora 
of  the  hnoe  has  the  same  time  and  is  evidently  of  the  same  nature. 
A  clonus  quite  similar  may  sometimes  be  obtained  in  other  muscles — 
peronei,  fleior  brevis  pollicis,  flexors  of  the  fingers,  &,t. 

When  a  tendon  is  tapped,  and  its  muscle  contracts,  the  occurrence 
has  so  much  the  aspect  of  a  true  reflex  action  that  it  was  assumed  by 
most  investigators  to  be  such,  the  stimulux  being  the  excitation  of  nerves 
in  the  tendon.  This  view  received  apparent  confirmation  by  the  dis- 
covery of  certain  facts :  (1)  Tbat  there  are  nerves  in  tendon.  (2)  That 
these  phenomena  depend  for  their  occurrence  on  the  int^rity  of  the 
reflex  path  to,  through,  and  from  the  spinal  cord,  and  are  arrested  by 
a  legion  in  this  path.  By  experiments  on  animals  (in  whom  similar 
contractions  maybe  obtained)  it  has  been  found  that  theyare  prevented 
bydivisionof  thenerves  to  the  muscles,  by  division  of  either  the  anterior 
or  posterior  roots  of  the  spinal  nerves,  or  by  destruction  of  thespiniil 

TOL.  1.  2 
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cord.*  The  knee-jerk  cannot  be  obtained  in  locomotor  ataxj  fdanmije 
to  the  posterior  nerve-roots),  or  in  infantile  paralysis  (damage  to  the 
anterior  grej  matter,  part  of  the  reflex  centre).  (3)  That  these  pheno- 
mena are  increased  in  some  cases,  together  with  the  reflex  actio u  from 
the  skin. 

These  facts  certainly  prove  that  some  reflex  influence  is  concerned 
in  the  production  of  the  phenomena.     But  (as  Westphal  has  always 
maintained)  tliey  do  not  necessarily  prove  that  the  contractions  depend 
on  a  simple  reflex  action,  and  it  is  certain  that  they  do  not  depend  on 
a  reflex  action  from  the  tendons.     Passive  tension  is  necessary  for  the 
tap  on  the  tendon  to  be  effective.     When  the  phenomena  are  in  ex<^es8, 
sudden  tension  alone  will  suffice  to  develope  the  contraction.     Tension 
acts  upon  the  muscle  as  well  as  upon  the  tendon,  and  frequently  the  con- 
traction may  be  distinctly  excited  by  stimuli  which  act  on  the  musclo 
and  have  no  action  on  the  tendon.     For  instance,  in  cases  in  which  these 
phenomena  are  in  excess,  if  the  foot  be  gentlv  pressed  up  so  as  to  make 
the  calf-muscles  tense,  and  the  muscles  on  the  front  of  the  leg  be  tapped^ 
the  calf -muscles  contract  (just  as  they  do  when,  under  the  same  circum- 
stances, the  tendon  is  tapped),  and  cause  a  brief  extension  movement 
of  the  foot.     I  have  termed  this  the  "front-tap  contraction."     It  is  a 
very  delicate  test  of  increased  irritability,  and  it  is  also  of  considemble 
theori'tical  interest,  since  we  have  in  it  a  contraction  developed  by  a 
stimulus  which  does  not  in  any  Avay  affect  the  tendon.     It  can  affect 
the  ijastrocneinius   directly,  for  by  placing  the  hand  on  the  calf,  a 
vibration  may  be  felt  through  the  leg.     If  the  tibia,  instead  of  the 
muscle  is  tapjHjd,  the  contraction  is  much  slighter,  or  does  not  occur. 
Moreover  a  tap  on  the  tendon  itself  only  excites  the  contraction  when 
'I  increases  the   tension   of  the   tendon;    i.e.  wheyi  it  acts  upon  the 
uxcle  also.     In  the  case  of  the  Achilh's  tendon,  this  may  be  easily 
\  nnonstrated  with  a  little  care.    A  gentle  tap  on  the  side  of  the  tendon 
'11  excite  the  contraction  as  readily  as  a  tap  on  the  back  of  the  tendon, 
*f  the  outer  edi,'e  of  the  tendon  is  su  [)porttMl  (as  by  the  fingers  of  an 
^\  ^i^Q  same  tap  Avill  no  longer  b«.'  effective,  because  it  no  longer 
****       »a  the  tension.     The  stronu'ist  |>ri^of,  however,  of  the  iudepen- 
***^'        -  .i^g  phenomena  on  any  stimulation  of  the  tendcm,  is  afforded 
deni'^    ^     ,-j|m»nts  of  Tschirjew,  who  divided  carefully  all  the  nerves 

\>y  tUe  i  1         ,.„.Jq,j.  and  still  found  that  the  tjip  upon  it  made  the 
W  the  l^iteliar  i*."^     • 

Yttusole  contract. 

^*^  K      vidence  seems  conclusive  that  the  contnotions  are  not 

^''**  t'mulation  of   the   nerves  of   the   trn«lon,  but   that  the 

<\r,»i  ^?  *  .  ^^^^^  jj^  ^Y\e  muscle,  the  t«  n<lou  beini,'  onlv,  so  to  si>eak, 

t:»on^  ...    ^^^  stimulation  is  luoduced.     But  if  the 

ion  excited 


■y^   -  •  ^  ^j^  tlien  contracts,  is  not  the  cont  ractiou 

vas^"^  ^♦••sJliu  j^^  ^|j^.  jjj.g^^  urp,'(Ml  ?     A  nflex  action  tiikes 

»m1*  »^***r  Ipfltled  for  the  stimulus  to  travel  to  and  from 

*#?aai ^^^  i«fiex  process  to  occur  in  the  centre.     According 

"^^^  •Awbiv  ftir  Tsvcliiifclrie,*  lid.  viiu  ll.-it  3. 
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to  received  physiological  data,  an  interval  of  at  least  one  fifteenth  of 
a  second  would  be  needed  for  the  knee-jerk,  if  it  were  a  reflex  process, 
and  rather  more  for  the  movement  at  the  ankle.  I  have  found  that 
when  the  Achilles  tendon,  or  the  front  of  the  leg  is  tapped,  the  result- 
ing contraction  occurs  in  about  one  thirtieth  of  a  second.*  The 
interval  for  the  knee-jerk  has  been  found  to  be  about  one  twentj-fifth 
or  one  thirtieth  of  a  second.f  If  the  patella  is  pressed  down  and 
tapped,  in  the  way  I  have  just  described,  I  have  found  that  the  interval 
between  the  tap  and  the  resulting  contraction  is  often  not  more  than 
one  fortieth  of  a  second.  The  shortness  of  the  interval  makes  it 
less  easy  to  believe  that  these  contractions  are  reflex,  than  that  they 
are  excited  locally. 

At  the  same  time,  too  much  stress  must  not  be  laid  on  time 
measurements.  It  is  certain  that  some  reflex  process  is  concerned 
in  the  phenomena.  If  we  regard  the  contractions  as  local,  we  have 
still  to  account  for  the  irritability  which  permits  the  local  stimulus 
to  cause  a  contraction.  This  irritability  is  developed  by  passive 
tension.  If  the  muscle  is  relaxed,  the  fibres  may  contract  if  they 
are  struck  directly,  just  as  do  the  fibres  of  a  separated  frog's 
muscle,  but  no  contraction  can  be  produced  by  striking  the  tendon. 
Hence  I  have  suggested  that  the  tension  excites,  by  a  reflex  influence, 
a  state  of  irritability  to  local  mechanical  stimulation, — such  as  that 
of  a  tap  on  the  muscle,  on  its  tendon,  or  even  the  vibration  from  a  tap 
on  the  bone  or  on  adjacent  parts.  But  only  that  form  of  mechanical 
stimulation  is  effective  which  suddenly  increases  the  previous  ten- 
sion. It  is  only  because  the  tap  on  the  tendon  does  this  so  readily, 
that  the  tendon  is  the  means  by  which  the  contractions  are  most 
easily  produced,  and  through  which  they  have  been  chiefly  studied 
and  prematurely  named.  If  the  tension  put  on  a  muscle  is  gentle  and 
gradual,  it  may  only  develope  the  irritability,  and  an  additional  local 
stimulation  is  necessary  to  produce  a  visible  contraction.  J  If,  however, 
the  tension  is  sudden  and  forcible,  it  not  only  developes  the  irritability, 
but  produces  visible  contraction  in  the  muscle  thus  rendered  irritable 
^-as  in  setting  up  the  foot-clonus.  I  have  shown  that  the  relaxa- 
tion of  the  muscle,  between  the  successive  contractions,  is  not  com- 

*  '  Med.-Cbir.  Trans.,'  1879,  p.  292.  The  measarenient  ha«  been  sinoe  confirmed 
br  Wnller. '  Brain,'  July,  1880. 

t  039  MC  Burckhardt;  -032~*034  tec.  Tschirjew;  -04  sec  Brissaud;  *03^O4 
sec  Waller;  *03  sec.  Enlenberg.  Some  measurements  which  I  made  of  the  interval 
(*  Med.-Chir.  Trans.,'  1879,  p.  275)  gave  a  longer  interval,  probably  in  consequence 
of  the  moTement  of  the  foot  being  taken  as  tiie  indication  of  the  commencing  con- 
traction.  **  Load"  will  increase  greatly  the  period  of  latent  stimnlation,  probably  by 
c<asiog  the  initial  contraction  to  expend  itself  on  the  elasticity  of  tlie  muscle.  The 
measurements  given  above  were  obtained  bj  recording  the  commencing  contraction 
of  the  muscle. 

X  This  explanation  waa  originally  given  for  the  "  foot-phenomenon  "  alone  ('  Med.- 
Chir.  Trans.,'  1879.  p.  295).  I  now  think  that  it  is  equally  applicable  to  the  knee- 
jerk.  The  evidence  of  the  identity  in  nature  of  the  two  is  very  forcibly  atated  by 
WalltT  (loc.  cit.). 


^po 
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plete;  tliere  is  a  persistent  residual  ccntmclion, 
traction  on  which  the  clonic  eontractioaB  occur.     When  t 
CODtractioa  is  over,  tho  tension  contiuuing,  &  second  i 
developed. 

The  production  of  the  clonus  seems  thus  to  depend  on  the  existence 
.of  a  law  limiting  the  time  of  muscular  contruction.  If  a  filire  cilu- 
kiot  contiuue  coutroctpd,  it  relaxes  and  re-contracfa.  This  is  so  in 
miuBrular  "tetanus,"  although  tbe  alteraation  in  different  fibres  pre- 
▼ents  its  nianifestiition.  But  in  the  effect  of  sudden  tension  at  the 
iHme  instant,  both  contraction  and  relaxation  occur  in  all  tbe  fibres 
at  ihe  same  time,  because  all  are  stimulated  alike  and  at  ouoe.  We 
apparently  have  an  example  of  the  "single  muscular  contruction" 
Bnrh  OB  physiologists  ol-tain  by  an  induction  shock."  It  agrees  with 
ibis  in  cbaracler  and  time.  We  have  no  facts  to  suggest  that  such 
intractious  could  be  produced  Ibrougb  a  reffex  mechanism, 

Th9  sensory  nerves  of  muscles  have  been  shown  by  Tschirjew  to 
immence,  not  within  the  muscular  fibres,  but  in  the  interstitial  con- 
■eotive  tissue.  The  afferent  impulse  produced  by  tension  is  apparently 
*ue  to  the  tension  acting  on  these  nerves :  the  visible  contraction  is 
•loitcd  by  tension  or  vibration  affecting  the  muscular  fibres  themselves. 
~io  latter  is  ineffective  unless  the  muscles  are  brought  into  a  state  of 
■pvcial  excitability  through  the  cord.  The  reality  of  an  afferent  impulse 
from  the  muscle,  produced  by  tension,  is  demonstrable  to  anyone  who 
Vill  giermtt  his  ankle  to  l>e  suddenly  flexed.  A  distinct  jiain  is  felt  in 
tbe  mUHcle  (none,  be  it  observed,  in  tbe  tendon).  It  is  not  surprising, 
lUirrofore,  ihat  this  afferent  imjiulse  should,  very  often,  not  merely 
jitwlope  the  rotlex  excitability  or  tonic  contraction,  but  also  cause  a 
gtioPi  widely -spread  reflex  action.  The  attempt  ki  get  the  foot-clonus, 
^  lUUnce,  will  cause  a  flexion  of  the  hip-ji>int;  the  attempt  to  obtain 
^  kneo-jerk  may  cause  a  movement  in  the  opposite  le^  or  a  start 
W(l;i>f  iho  body.  But  these  refii'i  contractions,  if  carefully  observed. 
,^  be  i«en  to  tucceed,  at  an  appreciable  interval,  the  immediate 
■aalTTi^'^"-  Bnrckbardt  has  found  that  tbe  latent  interval  for  a 
^jlfn^Oi  il  itrco  times  as  great  us  for  the  knee-jirk.     This  theory 

.^Ajj  initaliility  and  local  stinniintion  affords  a  full  explanation  of 

_  j^  (d«tton>  of  these  phcuumem'    "■■■'  '*  '"  •'■-  ""'"  'i'"— »  ".i.i"!. 


lud  it  is  the  only  theory  which 


I,  thcwfore,  that  the  term  "tendon-reflex"  is  altogether 

Xfcp  nhenomenn  are,  according  to  the  enplauation  above 

^  -    laj«H^-*  on  »  "  muscle-reflex  "  irritability,  which  has  nothing 

I  #^^^^^  w« Jon*.      If  each  contraction 


reflex,  it  i 
tSerent  impulse  from  the  muscle- nerves,  not  from 
This  fMt  acems  conclusive  and  inevitable. 
them  by  ft  general  term,  it  is  best  to  employ  o 
»ny  ap«cial  theory  of  their  nature.     They  have 
iMttiu  phenomena,"  bat  ihe  intervention  of 
j^a^'Phjfiologj,"  IMS,  pt.  I,  p.  V9. 
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tendons  is  not  necessary  for  their  production  ;  the  one  condUion  which 
all  have  in  common  is  that  passive  tension  is  essential  for  their  occur- 
rence, and  I  have  suggested*  that  they  be  termed  myotaite  contractions 
(rariicos,  extended).  The  irritability,  on  which  they  depend,  is  due 
to  and  demonstrative  of  a  muscle-reflex  action  which  depends  on  the 
spinal  cord.  It  is  highly  probable,  as  Tschirjew  suggested,  that  the 
condition  on  which  the  myotatic  irritability  depends,  is  identical  with 
muscular  **  tone."  Since  the  experiments  of  Heidenhain,  it  has  been 
generally  admitted  that  '*  tone  "  depends  on  tension,  and  is  a  reflex 
process,  t 

A  true  "tendon-reflex"  may  be  excited  by  pinching  the  tendon, 
but  this  is  a  start  of  the  whole  limb,  precisely  such  as  results  from  a 
pinch  of  the  skin.  It  is  an  instance  of  the  pain-reflex  described  above. 
The  importance  of  discarding  the  tendon-reflex  theory  (and  the  name 
that  must  always  involve  it  to  those  who  have  not  studied  the  matter) 
is  very  great,  for  it  prevents  the  comprehension  of  the  true  nature  of 
other  phenomena  of  great  importance. 

Paradoxical  Muscular  Contraction, — This  name  has  been  given  by 
Westpbal^  to  a  slow  tonic  contraction  occurring  in  a  muscle  when  its 
attachments  are  suddenly  brought  nearer.  It  is  best  seen  in  the 
tibialis  anticus ;  if  the  foot  is  grasped,  and  passively  flexed  on  the  leg, 
the  tibialis  anticus  contracts,  sometimes  after  an  appreciable  interval ; 
its  tendon  stands  out,  and  the  contraction  keeps  the  foot  flexed  for  a 
time  which  may  be  some  minutes  (in  one  case  for  twenty-seven)  ;  the 
relaxation  is  slow.  Repetition  lessens  the  contraction.  The  contrac- 
tion is  not  voluntary  (although  a  voluntary  contraction  may  simulate 
it).  It  may  occur  on  one  side  only.  The  contraction  produced 
by  brief  faradism  may  be  similarly  prolonged  in  the  same  case.  A 
similar  contraction  may  be  observed  in  the  extensors  of  the  toes, 
sometimes  in  the  flexors  of  the  knee,  rarely  in  the  arm  muscles.  Its 
mechanism  is  uncertain  ;  whether  reflex  or  not,  whether  produced 
through  the  muscle  itself,  or  through  the  tension  on  the  antagonists, 
(as  Erlenmeyer  has  maintained),  we  do  not  know.  It  seems  to  be 
an  excess  of  the  contraction  by  which  a  muscle  adapts  itself  to 
passive  shortening  of  its  course.  In  the  cases  that  have  presented 
this  phenomenon  there  has  been  no  muscular  rigidity,  and  no  great 
excess  (even  sometimes  a  loss)  of  the  myotatic  irritability.  This 
adaptation  to  posture  seems  a  phenomena  quite  separate  from  that 
which  underlies  myotiitic  irritability.  It  may  occur  in  the  early  stage 
of  tabes,  and  in  some  other  affections,  but  its  significance  is  not  known. 
A  phenomenon  somewhat  similar  occurs  in  hysteria  (Fere)  ;  it  is 
indeed  but  an  isolated  and  imperfect  instance  of  the  condition  that 

•  *  Diagnosis  of  Diseases  of  the  Spinal  Cord/  2nd  edit.,  1881,  p.  2D. 

f  By  some  interesting  researches  recently  published,  Mouim^en  has  reached  the 
tame  oonclasion,  that  muscular  tone  is  dependent  on  a  inuf^cle-nflez  action  «*xoited 
bj  tensioQ  acting  on  the  sensory  muscle-ncrves  ('  Virchow's  Archiv,'  BU.  110^ 
p.  22). 

I  *  Arch.  f.  Psych.,'  Bd.  z,  p.  24S. 
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wben  universal  and  perfect,  constitutes  the  filexibilitas  cerea  of 
catalepsy.  The  nature  of  these  contractions  will  be  considered 
further  on. 

Changes  in  Nuteition. — The  nutrition  of  tbe  tissue-elements  is 
largely  under  the  influence  of  tlie  nervous  system.  Whether  this 
influence  is  exerted  througli  special  "trophic"  nerves,  or  through 
the  motor,  the  sensory,  and  especially  through  the  vasomotor  nervrs, 
is  a  question  that  has  been  much  discussed  and  is  still  undecided. 
The  balance  of  evidence  is  against  the  existence  of  special  trophic 
nerves.  The  fact  regarding  these  changes  that  is  surest  and  most 
important,  is  that  acute  disturbance  of  nutrition  is  the  result  of 
irritation  of  the  nerve- trunks  and  centres,  and  is  in  proportion  to  the 
intensity  of  that  irritation.  If  a  thread  is  passed  through  each 
sciatic  nerve,  and  one  is  also  irritated  by  the  application  from 
time  to  time  of  irritant  liquids,  trophic  changes  occur  in  that  limb 
with  greater  rapidity,  and  far  greater  intensity,  than  in  the  other 
(Lcwaschew). 

The  same  fact  is  frequently  indicated  by  the  extreme  readiness  with 
which  trophic  lesions  of  the  skiu  and  even  cellular  tissue,  occur  in 
certain  forms  of  inflammation  of  the  spinal  cord  especially  in  those 
that  have  a  strong  tendency  to  spread  in  the  cord,  and  hence  may  be 
regarded  as  possessing  more  of  this  peculiar  quality  that,  in  our 
ignorance,  we  term  irntative.  One  theory  and  one  only  seems  to 
explain  all  the  facts.  It  is  that  the  nerve-endiugs  have  a  structural 
continuity  with  the  tissues, — are  related  to  them  in  a  nort  of  molecular 
contact  similar  to  that  which  exists  in  the  tissues  themselves — and 
that  the  nutrition  of  the  molecules  of  the  tissues  is  determined  in  its 
character  by  that  of  the  nerves.  The  process  of  irritation  descends 
the  nerves,  it  passes  from  them  to  the  tissues  and  invades  them  all. 
Thus  we  can  understand  equally  the  acute  changes  in  the  muscles 
which  will  be  described,  and  also  those  in  the  skin  and  other  tissues 
which  are  under  the  influence  of  the  sensory  fibres. 

Nutritive  changes  in  the  skin  are  easily  recognised,  but  they  differ 
much  in  their  character  according  to  their  acuteness.  When  thoy  are 
rapid,  and  due  to  very  acute  irritation  of  the  nerves  or  the  spinal  cord, 
such  as  those  just  mentioned,  the  temperature  of  the  limb  is  raist-d, 
the  vessels  readily  dilate,  and  remain  dilated  for  a  long  time,  bu'.iaj 
fotm,  containing  a  dark-coloured  liquid,  and  slight  pressure  occasions 
a  slough.  These  changes  sometimes  occur  spontaneously,  but  are 
more  often  excited  by  some  cutaneous  iiTitation,  and  very  slight  irri- 
tation of  the  skin  will  suffice  to  produce  them.  Trifling  pressure  will 
set  up  a  slough,  and  extensive  vesication  may  result  from  the  applica- 
tion of  a  hot-water  bottle  that  is  not  more  than  pleasantly  warm  to  a 
healthy  hand.  When  the  nerve  irritation  is  intense,  effusion  may 
iK^cur  into  the  joints. 

In  the  case  of  the  fifth  nerve,  acute  trophic  changes  occur  in  the 
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ejeball  chiefly  when  the  dise.ase  involves  the  Q-asserian  ganglion,  or 
the  nerve  in  front  of  it.  To  produce  the  same  effect,  a  lesion  behind 
the  ganglion  has  to  be  more  irritating  than  one  in  front  of  it,  and  it  is 
probable  that  a  similar  lelation  obtains  in  the  case  of  the  spinal 
nerves  and  the  spinal  ganglia.  Yerj  intense  changes  in  nutrition  are, 
however,  common  in  acute  inflammation  of  the  spinal  cord. 

The  alterations  in  nutrition  in  chronic  lesions  (which  have  been 
carefully  studied  by  Paget  and  Weir  Mitchell)  differ  considerably  from 
those  that  result  from  acute  irritation.  There  is  a  slow  change  in  the 
nutrition  of  the  skin,  which  becomes  red,  thin,  and  shiny — the  "  glossy 
skin"  of  Pacret.  The  subcutaneous  tissue  also  wastes,  so  that  the 
finger  tips  become  pointed.  The  growth  of  the  hair  and  nails  is 
retarded,  and  the  latter  become  brittle.  The  bones  may  suffer  in  their 
nutrition,  and  may  break  more  easily  than  in  health.  If  the  lesion 
occ-urs  during  the  period  of  growth,  this  is  retarded.  These  changes 
seem  to  depend  on  an  altered  life  tendency  of  tissue  elements  tbat 
have  been  formed  without  some  influence  received  from  the  nerves. 

The  muscles  suffer  from  lesions  of  the  motor  nerves ;  the  minute 
changes  are  described  at  p.  63.  At  first  there  may  be  merely  flabbiness, 
and  an  appearance  of  wasting  that  is  not  confirmed  by  measurement, 
but  there  is  soon  an  actual  diminution  in  the  circumference  of  the  limb. 
In  extreme  cases  all  the  muscular  tissue  disappears,  and  the  contour  of 
the  limb  is  considerably  changed.  In  comparing  the  size  of  the  limbs 
on  the  two  sides,  it  should  be  remembered  that  the  limbs  on  the  right 
side  are  normally  somewhat  larger  than  those  on  the  left  side,  and  that 
the  difference  varies  according  to  the  occupation  of  the  individual,  and 
the  extent  to  which  this  involves  an  excessive  use  of  the  limbs  on  one 
side.  In  measuring,  great  care  is  necessary  to  secure,  as  nearly  as 
possible,  the  same  conditions  on  each  side,  both  as  regards  the  state  of 
the  muscles  and  the  place  of  measurement.  It  is  best,  wherever 
possible,  to  take  the  maximum  measurement  in  each  part,  rather  than 
to  attempt  to  make  the  measurement  in  the  same  place.  In  the  calf, 
the  maximum  circumference  should  always  be  taken.  In  the  thigh, 
accurate  measurement  is  extremely  difficult,  because  a  maximum 
cannot  be  taken.  We  may  endeavour  to  measure  at  the  same  point 
in  the  thigh,  at  the  same  distance  from  the  condyle,  but  it  is  very  diffi- 
cult to  be  exact,  and  a  more  accurate  comparison  can  often  be  made 
by  taking  the  minimum  circumference  above  the  knee,  in  spite  of  the 
f&.c*t  that  the  muscular  tissue  there  is  small,  and  the  difference  less  than 
it  is  elsiewhere.  In  the  foreai'^a  the  best  result  is  obtained  by  taking 
the  maximum  measurement  around  the  muscular  prominence  below 
the  elbow,  over  the  supinator  longus.  If  the  upper  arm,  the  circum- 
ference is  nearly  the  same  in  the  middle  third,  and  the  middle  of  the 
humerus  may  be  measured,  with  little  risk  of  error.  In  all  cases  care 
must  be  taken  to  draw  the  tape  equally  tight  at  each  place.  It  is 
easier  to  do  this  with  a  flexible  steel  measure  than  with  an  ordinary 
tape  measure.     Exactness  in  this  respect  is  best  secured  by  having  a 
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Spring  &t  one  eitremitj  of  tbe  tape,  with  an  index  tliat  will  show  tiif 
tension,  which  chq  thus  be  kept  tbe  same  at  eucb  place.' 

ELEGTS1CA.L  iBRiTABtLiTT. — The  nerves  and  muscles  are  excita1)la 

by  electricity,  and  tlie  enoitability  is  changed  by  diseiiae,  of  whii-h  the 
change  is  often  aa  important  Bymptom.  It  indicates  tbe  state  ol 
nutrition  of  tbe  norve-fibres  and  muscles,  and  from  this  we  can  oft«a 
drawimportantinforeiiceH  regitrdiiig  tbe  condition  of  thecentres.  A» 
outline  of  tbe  moat  important  facts  r^arding  electriciiy  iu  its  appli> 
cation  to  medicine,  is  given  in  the  A]ipendis,  bat  it  uay  be  well  to 
meution  here  tbe  cbi<;f  facts  of  diagnostic  importance. 

In  tbe  normal  state,  nerre-fibrea  are  stimulated  by  either  the  induce^! 
or  the  voltaic  current,  tbe  stimulation  of  tbe  motor  nerves  beii^  shown 
by  contraction  in  tbe  muscles  supplied  by  them,  that  of  the  senson 
nerves  by  tbe  sensation  that  is  caused.  The  contraction  of  tli0 
muscles  is  continuous  when  tbe  faradic  current  is  applied,  but  if  tllQ 
isoliited  shocks  of  which  tbe  current  consists  are  separately  paese 
each  causes  a  brief,  momeniary  contraction.  When  the  voltaic eunent 
is  applied,  conlntction  occurs,  with  a  current  of  moderate  Htrengtbii' 
only  when  tbe  strength  of  the  current  is  changed,  imd  chiefly  when  tb» 
current  coinuietiL-eB  or  ceases  to  pass,  t.  e.  when  the  circuit  is  "made** 
or  "broken."  Tbe  stimiilatiou  of  tbe  sensory  nerves  is  greatest  a.tt 
those  times,  but  occur  also,  in  a  much  sligliter  degree,  during  tb« 
whole  time  that  the  voltaic  current  is  passing.  Hence  this  ia  probabl] 
the  case  also  in  the  motor  nerves,  althougli  tbe  stimulation  i 
feeble  to  produce  a  contraction  in  health  with  a  strength  of  onrreni 
tliat  can  be  l>orne.  In  proportion  as  tbe  nutrition  of  the  nenre-fibre«i 
is  im|jiiireJ.  their  excitibility  is  lowered  and  a  stronger  current  of  eadt 
kind  is  required  to  excite  tbetu  and  cause  contraction  iu  the  musclM 
they  supply.  When  their  nutrition  is  much  impaired — t. ».  when  tlM 
£brea  are  "  d eg ene railed  " — no  couiraciion  can  be  obtained  eran  witl 
the  strongHst  currenla. 

~  eicitability  of  tbe  muscles  are  less  aimpUl 

ire  i.wo  excitable  structures— the  tenninatii 
luseutar  fibres  theniseWes,  Of  these  the  nerv 
iisitive  to  fanulism,  and  the  faradic  stimnl*-. 
ttou  of  a  muscle  under  normal  circumstaucea  is  by  me.ina  of  thes9 
motor  nerve-endings.  Tlius  we  find  tbatilji  excitability  correapotidaiai 
degree  to  thiit  of  tbe  motor  nerve  supplying  it.  The  muscular  fibrw: 
Themselves  are,  eveti  iu  tbe  ni'miul  atate,  lexs  aeiisitive  to  faradunt' 
than  the  nerve,  apparently  bccjiuse  tbey  are  iocti|iable  of  ready  responwi 
to  a  etimulus  so  very  sbort  iu  duration  aa  are  the  Ehui:k3  of  which  the 
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faradic  current  consists.  (The  proof  of  this  consists  in  the  fact  that 
under  the  influence  of  corara,  which  removes  the  excitability  of  the 
terminations  of  the  motor  nerve,  the  muscle  requires  a  stronger  faradic 
current  to  stimulate  it  than  in  the  normal  state.)  But  when  the  nerve 
is  degenerated  the  slowly  interrupted  voltaic  current  stimulates  tbe 
muscle  as  readily  as  in  the  normal  state ;  a  contraction  occurs  when 
the  circuit  is  completed  or  broken  ^-distinctly  slower  than  that  which 
occurs  when  the  nerve-flbres  are  intact,  and  due  to  the  stimulation  of 
the  protoplasm  of  the  muscular  fibres  themselves.  The  fact  that, 
under  normal  circumstances,  the  contraction  which  is  caused  bv  the 
voltaic  current  is  as  quick  as  that  produced  by  the  faradic  shock,  is 
ground  for  believing  that,  in  health,  the  voltaic,  as  well  as  the  faradic 
current,  causes  the  muscle  to  contract  chiefly  by  exciting  the  motor 
nerve-endings  When  the  motor  nerve  is  degenerated,  and  will  not 
respond  to  faradic  or  voltaic  stimulation,  the  muscle  also  loses  all  its 
power  of  response  to  the  former.  Apparently  the  nerve-degeneration 
is  accompanied  by  changes  in  the  nutrition  of  the  muscular  fibre,  by 
which  any  power  of  response  to  faradism,  which  it  possessed  in 
the  normal  state,  is  lost.  But  the  response  to  the  voltaic  current 
remains,  and  becomes  quickly  more  ready  than  in  health,  doubtless 
in  consequence  of  nutritive  changes  which  develope  what  the  older 
pathologists  called,  truly  enough,  "irritable  weakness/*  More- 
over, there  may  commonly  be  observed  a  change  in  the  readiness 
of  response  to  a  certain  mode  of  stimulation  with  voltaism — a  "  quali- 
tative "  change,  as  it  is  termed.  In  health,  the  first  contraction  to 
occur,  on  gradually  increasing  the  strength  of  the  current,  is  at  the 
negative  |>ole  when  the  circuit  is  closed,  and  a  stronger  current  is 
required  before  closure- contraction  occurs  at  tbe  positive  pole.  But, 
in  the  morbid  state  we  are  discussing,  closure-contraction  may  occur 
at  the  positive  pole  as  readily  as  at  the  negative,  or  even  more  readily 
— and  contractions,  when  the  circuit  is  broken,  occur  far  more  readily 
than  in  the  normal  state.  This  condition,  then — faradic  irritability 
lost,  voltaic  irritability  increased  and  often  changed  in  quality — is 
termed  the  "  degenerative  reaction,"  because  it  occurs  when  the 
nerve-fibres  are  degenerated ;  and  if  we  test  them  we  shall  find  no 
response  to  any  stimulus,  voltaic  or  faradic.  It  occurs  when  the 
nerves  are  separated  partially  or  completely  from  their  motor  nerve- 
cells,  and  if  no  such  separation  exists,  it  indicates  an  acute  degene- 
rative change  in  those  nerve-cells. 

But  the  motor  nerve-cells  and  fibres  often  undergo  changes  in 
nutrition  of  a  much  more  chronic  character.  In  this  condition  the 
irritability  of  the  fibres  is  lessened  gradually  and  slowly.  The  irri- 
tability of  the  intramuscular  nerve-endings  is  lessened  in  the  same 
degree  as  that  of  the  nerve-trunks,  and  we  have  a  diminution  to  both 
faradism  and  voltaism.  The  nutrition  of  the  muscular  fibres  is 
slowly,  gradually,  impaired;  and  when  the  nerve-fibres  are  much 
affected  the  muscular  fibres  are  also.     There  is  no  stage  in  which  tiie 
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fKTT^fibre  irritability  is  lost,  and  the  muscle-fibre  irritabilitj  retained ; 
\x9JDLW  there  is  no  condition  of  lost  faradic  and  increased  vol  talc 
irritabilitj  such  as  characterises  the  degenerative  reaction  just 
described.  Irritability  is  changed  to  the  one  form  of  stimulus  just  as 
to  the  other. 

Between  these  two  forms  there  are  intermediate  conditions.  For 
instance,  the  nerres  may  present  normal  irritability,  aDd  the  muscle 
the  increased  Toltaic  irritability  and  changed  order  of  contraction  met 
with  in  degeneration.  Probably,  in  these  cases,  some  nerve-fibres  are 
degenerated,  and  lead  to  the  increased  irritability  of  some  muscular 
fibres.  In  both  nerve  and  muscle  the  character  of  the  reaction  is 
determined  by  the  more  irritable  structures ;  hence  it  is  normal  in  tbe 
nerve  and  altered  in  the  muscle.  This  has  been  termed  by  Erb  tbe 
**  middle  form  "  of  degenerative  reaction.  It  would  be  more  accurate 
to  call  it  the  "  mixed  fonn." 

The  various  changes  in  irritability  have  been  thought  to  indicate  the 
existence,  and  various  affection,  of  separate  centres  for  the  nutiition 
of  the  nerves  and  muscles,  apart  from,  though  acting  through,  the 
motor  nerve-cells.  Kemembering  that  the  nerves  and  muscles  loutain 
fibres  which  suffer  in  different  degrees,  tbe  phenomena  at  present 
ascertained  may  all  be  explained  on  the  siuipler  principle  stated,  without 
the  assumption  of  these  special  centres,  of  the  existence  of  which  there 
is,  indeed,  no  evidence. 

Frequently  the  lowered  irritability  of  degeneration  in  the  nerves  is 
preceded  by  a  slight  increase  of  irritability,  very  transient  wheu  the 
degeneratiun  is  acute,  of  longer  duration  when  the  degeneration  is  of 
the  slower  variety  just  noticed.  In  some  morbid  states,  again,  in  which 
the  change  of  nutrition  in  the  cells  and  fibres  is  extremely  slight,  an 
increase  may  alone  be  discovered.  I  have  found  such  an  increase,  for 
instance,  in  diseases  regarded  as  functional,  as  paralysis  agitans  and 
chorea,  and  it  is  an  interesting  proof  of  the  molecular  changes  which 
underlie,  or  result  from,  *'  functional  *'  maladies. 


THE  MUSCLES t  THEIR  ACTION  AND  PARALYSIS. 

Disease  of  the  motor  nervous  system  is  largely  mauifecited  by  loss 
of  muscular  action.  Individual  muscles,  as  well  as  groups  of  muscles, 
are  often  separately  affected.  Hence  it  is  desirable  to  consider  the 
symptoms  of  the  paralysis  of  the  more  important  muscles,  before  we 
enter  on  the  study  of  special  diseases. 

The  symptoms  of  the  palsy  of  any  muscle  is  a  loss  of  its  normal 
action,  and  a  knowledge  of  this  action  is  essential  for  tbe  comprehen- 
sion of  those  symptoms.  The  two  must  therefore  be  considered 
together.     They  are  positive  and  negative  a8pects  of  the  same  facta 
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It  may  be  woU,  ^t  the*  same  time,  to  mention  the  nerve  bj  which  each 
mus^cle  is  supplied. 

The  action  of  muscles  is  threefold.  (1)  Bj  their  tonic  contraction 
they  maintain  the  parts  in  a  certain  posture,  independently  of  Tolun- 
tary  eftort.  By  actual  contraction  they  (2)  produce  certain  movements, 
and  also  (3)  oppose  the  action  of  other  muscles  by  a  feebler  contrac- 
tion, and  thus  steady  the  movement  that  results. 

The  complex  way  in  which  muscles  act  together,  and  modify  each 
other's  effect,  renders  the  subject  a  very  large  one.  Here,  only  an 
outline  can  be  given  of  the  more  salient  facts  concerning  the  most 
imp<»rtant  muscles.  The  reader  who  desires  to  pursue  the  subject 
furtlier  can  do  so  in  the  '  Physiologie  des  Mouvements,'  of  Duchenne» 
to  whose  researches  our  present  knowledge  is  largely  due. 

The  Diaphragm  (phrenic  nerves  from  the  fourth  and  fifth  cervical)  although 
a  doable  muscle  with  two  nerves,  habitually  acts  as  a  whole,  the  two  halves 
contracting  simultaneously  and  diminishing  each  lateral  curve  of  the  arch.  The 
central  tendon  descends  but  little.  The  abdominal  viscera  are  depressed,  and 
the  parietes  protruded.  If  the  hand  is  placed  beneath  the  ribs,  the  descent  of 
the  viscera  beneath  the  diaphragm  can  be  felt.  When  the  diaphragm  contracts 
alone,  as  whon  the  intercoetals  are  paralysed,  or  the  phrenic  nerve  is  faradised, 
the  ribs  to  which  the  muscle  is  attached  are  slightly  raised  during  its  action,  and 
this  elevation  causes  a  slight  expansion  of  the  thorax.  In  ordinary  breathing 
this  expansion  is  lost  in  the  action  of  the  intercostals.  In  paralysis  the  inspi- 
ratory protrusion  of  the  upper  part  of  the  abdomen  is  lost ;  it  even  recedes 
during  inspiration  instead  of  advancing,  and  a  descent  of  the  viscera  can  no 
longer  be  felt  by  the  hand.  There  often  results  a  remarkable  alternation  in  the 
respiratory  movements  of  the  thoi*ax  and  abdomen,  the  retraction  of  the  one 
eorresponding  to  the  protrusion  of  the  other. 

Stebno-Mastoid  (spinal  accessory  nerve),  passing  from  the  sternum  and 
adjacent  paH  of  the  clavicle  to  the  mastoid  process,  inclines  the  head  towards, 
and  rotates  the  face  from,  the  side  on  which  the  muscle  contracts.  Both 
muscles  together  suppoi-t  the  head  in  the  vertical  position,  and,  if  it  is 
bent  back,  they  bring  it  forwards  into,  but  not  beyond,  this  position. 
Paralysis  of  one  muscle  has  no  influence  on  the  position  of  the  head,  and  but 
little  on  its  movements.  Other  muscles  supplement  the  loss.  This  is  no  such 
thing  as  a  "^  paralytic  torticollis."  In  palsy  of  both  muscles,  the  head  can  be 
balanced  in  the  vertical  position,  but  if  it  falls  back,  it  can  be  brought  forward 
only  with  great  difficulty.  Each  stemo-mastoid  is  associated  in  action  with  the 
muscles  of  the  other  side  ;  it  is  a  "  contra-lateral  muscle."  For  instance,  in 
asing  the  right  arm,  the  head  is  turned  to  the  right  by  the  left  sterno- mastoid. 
This  as;iOciatiun  is  sometimes  reproduced  in  disease. 

Muscles  movino  the  Upper  Limbs. 

Muscles  Monyo  the  Scapula  and  Shoulder-Joint.— The  Trapexim 
(special  accessory,  lower  cervical  and  upper  dorsal  nerves)  consists  of  three  parts. 
The  first,  from  the  occipital  bone  to  the  outer  end  of  the  clavicle,  is  rarely  used 
except  in  breathing  (respiratory  portion,  Duchenne).  The  second  part  is  that 
which  passes  from  the  lig.  nuchs,  lowest  cervical,  and  upper  three  dorsal  spines, 
downwards  and  outwar  s  to  the  acromion  and  outer  part  of  the  spine  of  the 
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■Mpulft.     The  luwMt  part  pawn  fromthfdonaltpinnbnlow  thai)iird,ODtiriiTdt 
uid  partlj  upivank,  to  the  inoei  half  Mid  bow  of  the  ijiiDe  of  the  Kuiiula.    Th« 


FlQ.  6. — Piini1vii!i>  and  wiitttnic  of  tnt- 
)>eiia> )  ultrratiuo  in  euiitour  of 
■hualder  «t  rt«t. 


bj 


-Ditto,  H'licn  tlie  armi  «rB 
•d  (tlie  r<|[lil  one  lieiui;  Hided 
iioltier  jienou). 


■erond  p»rt  \t,  the  chief  elevator  of  ttie  roapnk  and  ehoiihler.  With  the  third 
(art  it  bringa  the  luapula  towardi  the  npine,  and  pate  the  shoulder  hack.  Biith 
parti  tend  to  rotate  the  scapula — aciomiim  up,  lower  anglg 
out.  B7  this  rotation  tlie  ana  ii>  carried  above  the 
horiiontal  level,  to  which  the  deltoid  niisee  it.  Para- 
h-Bis  of  the  higheet  part  haa  little  inUuence  on  the  move- 
uient  of  the  scapula,  but  cauaea  a  chanife  in  th«  onntoui 
of  the  neck  (Fig  6)  enpeclallj  conn;)icuoiiii  on  deep  in- 
■piraiion.  The  change  in  the  ahaiie  of  the  neck  ia  verj 
great,  when  the  arms  are  miseil,  if  the  whole  ti-apeciui  i« 
wanted  (Fig.  6).  In  pal-j  of  the  middle  part,  the  eleva- 
tiun  of  the  shoulder  is  imperfect ;  in  that  of  the  third 
port,  the  mpula  is  fiirtlier  from  the  x{)ine  than  normal. 
In  palsj  of  all  pmis,  the  ticiipula  becomes  rotated  (aero- 
n  doirn,  inferior  »n;;le  in)  b,r  the  wei^'ht  of  the  arm 
^and  the  contraction  of  the  oppimenis  (Fig.  7).  The 
i'"^'  rotation  may  mask  the  displacement  outwarda.  due  to 
— ^*sj^  the  paralvsis  of  the  lowest  part.  If  the  clavicular  pait 
,'  iviiininn,  there  maj  be  no  rotation,  but  the  Bcupula  ia 

liiBpr  than  normal. 

Fi<t.  7 — T'a'i'yi' «"d        The  ShoniboiJi  (fifth  cerTical   nerve,  bj  a  branch 
■  aithiic   of    driloiii    that  |«(wc»  throu;.'h  the  WBlenus)  first  roisfe  the  srapiila 

fanm  itei..'lit  of  «rm.    "'"I  then  move  the  whiile  »capuU  upwards  and  inward*. 

loconv^urncf  orilia    In  strong  elevation,  ther  aid  the  tra|<eliui>.  which  pre. 

pi.r.l]:>ii  of  lh«  tr*.    vp„,g  ,i,e  n.tation  of  the  a-npnla.     Tiie  r„liitorr  artJon 

S!^;.":;UrJ:^pTv"""    «i'l.f..rcibledep,*«.iunofther^iKeJarm.     Themu«-te. 

also  Gk  the  n.'aiiula  for  the  action  of  the  teret  major. 

Their  tono  helpi  to  keep  the  scapula  against  the  thorai  (oppmlii^  the  pectoralis) 

and  in  ita  vertical  poaitioo  (oppuamg  the  Mmtta*),  and  hence,  in  paralvsia,  tha 
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•clg«  of  ths  «e»pntft,  at  mt,  stands  ont  a  little,  leaving  n  fanoir,  and  the  icapuls 
ia  slightlj  routed  (lower  angle  out).  MoTement  ia  bnt  little  interfered  with  by 
the  paralvBiB  of  the  rhomboids,  the  moot  ioiportant  effect  being  that  the  move- 
inent  barfcnards  <if  the  raised  arm  bj  the  teres  and  deltoid  ie  feeliie  for  want 
of  the  Hixtinn  of  the  scApula. 

The  Ltealor  anguli  scapalm  (third  rerrical  nerve)  first  rotates  the  aoapnla 
on  the  outer  an^le  and  then  raines  it.  The  mnitcle  ii  nsnallj  parvlysed  with  the 
trapezius,  and  then  the  scapula  falls,  bnt  the  special  effect  of  ita  palsj  ia  lost  in 
thai  of  the  trapeiins.  If  the  levator  is  preserved,  and  the  trapeziua  paralysed, 
there  is  great  rotation  of  the  scapala,  which  ia,  aa  it  werB,saapended  by  its  inoeT 
angle  (Fig.  7). 

Srrratm  mognn*  (posterior  thoracic  nerve,  from  the  fifth  and  aiith  cervical) 
carries  the  scapula  outwarda,  forwards,  and  alightly  npwards,  when  tb«  ann  is 
put  forwards.  It  tends  to  rotate  the  scapula  on  the  inner  angle  (aeromion  np), 
the  lower  fibres  most  powerfully,  bnt  Ihia  rotation  ia  prevented  by  tha  rhom- 
boids and  levator  anguli.  It  does  not  raise  the  shoulder  when  the  arm  ia 
banging.  It  helps  to  fix  the  scapula  when  the  posterior  Sbres  of  the  deltoid 
move  the  raised  arm  back.  If  the  scapula  ia  fixsd  by  the  rhomboida,  the  ierrataa 
cau  act  on  the  riba,  and  aid  forced 
inspiration.  It  has  most  inspiratory 
effect  when  the  arms  are  alevated. 
In  paralysis  there  may  be  little 
change  in  the  position  of  the  scapula 
at  rest,  but  often  there  is  slight  rota< 
tioD  (lower  angle  in)  from  the  un- 
opposed toneoftherhomboids.  When 
the  arm  is  moved  forwards  by  the 
anterior  part  of  the  deltoid,  the 
acapnia,  no  longer  held  against  the 
thorax  and  moved  forwards  by  the 
serratuB,  is  rotated  on  ita  vertical  axis 
bj  the  action  of  the  anterior  part  of 
the  deltoid  on  the  hnmems,  and  of 
themiddieparton  the  scapula-  Thua 
the  posterior  edge  recedet  from  the 
thorax,  leaving  a  groove  into  which 
tbe  hand  can  aometimea  be  placed 
(Fig.S).  The  acapnia  is,  at  the  SI 
time,  rotated  ;  lower  angle  inwards 
and  upwards.  Elevation  of  the  arm 
above  the  level  of  the  ahonlder  ia  much  weakened,  bnt  can  b«  imperfectly 
effected  by  the  middle  part  of  the  trapeiiua.  Loaa  of  the  aerratus  weakeoa 
other  movementa,  bnt  does  Dot  abolish  any.  Inspiratory  eipans ion  of  tbe  thorax, 
when  the  arms  are  raised,  ii  distinctly  less  on  the  paralysed  side  (Poore). 

The  DtUoid  (circumflex  nerve,  from  the  fonr  lowest  cervical)  abdacta  the 
hnmema,  the  anterior  and  posterior  fibres  alao  moving  the  arm  forwards  and 
backwarda  respectively.  The  arm  ia  raised  least  bj  the  pcaterior,  and  most  by 
the  anterior  fibres,  bnt  even  the  latter  only  elevate  it  to  a  right  angle  with  tbe 
trunk.  Hence,  if  raised  by  the  anterior  fibres,  and  then  moved  back  by  the 
posteriori  it  ia  at  the  aame  time  depressed.  Elevation  above  a  right  angle  is  by 
rotation  of  the  scapula  (trapeiins  and  serratns).  These  musclee  also  fix  ths 
Kerala  for  the  deltoid,  preventing  the  rotatioa  (acroroioa  down,  lower  angi* 


F:o.  B.- 


is  put  forwards. 
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\   in)  thftt  th«  deltoid,  acting  alonft.  i 
m,  direct,  forvraiilH,  luid  buukwui 


N 
N 


Tould  Inline.  In  pamlvHia,  abdnrtiou  of  tbi 
rda  ii  almoHt  loot.  All  the  abductinn  that 
remains  is  a  trifling  moreinent  hy 
the  supraepitrntut.  An  attempt  to 
■Itdiict  results  in  rotation  of  the  sca- 
pula and  elevation  of  tlie  shonlder 
(Fifi-  9l  from  rd  eiceraiva  innerTiitioa 
of  the  associated  trapeiiiiit  and  ser- 
ratiis,  which,  as  we  huve  spen,  fii  the 
scapula  when  the  deltoid  acts.  Pnra- 
Ij-sis  of  single  parts  of  the  deltoid 
cauBes  Ions  of  the  con'esponding  moTe- 
uienta  of  the  Brm,  but  if  the  middle 
part  only  is  paialrsed,  there  is  still  ■ 
■^  limited  power  of  dii'B<-t  abduction  by 
the  conjoinej  contraction  of  the  ante- 
rior and  posterior  parts,  aided  by  the 
suprsHpinatue. 

The   Stipragpinaliu  (snpiascBpnlar 

F:9.S.-P.n.l.v.is  of  right  deltoidj  ele-   „,„,)  ^|^.,^„  ,he  arm.  mo.es.  it  tor. 

Vntion  of  slioiilder  by  tr-t-euus  on  an  ,  '       ,      ,  .      -^  -        ,.  ., 

atl.-inpi   to   wiw    llie   .rm.   whicli   is   wardB.  and  rotates  it  m.  -Itthusaida 

iliglilly  uUduoled  by  Ihs  •upriupinatni.     the  deltoid.     Isolated  paralysis  of  the 

BupraBplnatUB  has  little  influence   on 

movement  or  position,  but  if  the  deltoid  is  also  psralysed,  the  head  of  the  hnmerns 

falls  away  from  the  acromion  far  more  than  when  the  deltoid  is  pamlysed  alone. 

The  In/ratpmatui  (BDpmsi'apuIar  nerve)  rotates  the  bumerus  outwards,  and 

in    paralysis  this  movement  is  lost.     A  UifHi'ulty  in  writing  is  produced,  tbo 

tnovenent  along  the  line  being  by  this  rotation  of  the  humerus. 

The  Teres  minor  (ciraninflei  nerve)  has  a  similar  action  to  the  infmspinfttiu, 
Knd  its  palsy  has  a  similar  eifei^t. 

Tl«  StibteapiUariM  (short  siibscapular  nerve,  from  the  fifth  and  niith  cerricftl) 
rotates  the  humerus  in.  and  its  paralysis  lessens  this  movement. 

The  Lalistimng  dorii  (long  substapnlsr  nerve,  from  the  brachial  plexna — Int 
four  cervical  nei'vea)  lowers  the  raised  arm,  and  puts  it  back  ;  the  upper  part 
addncta  the  scapula,  the  lower  depresses  the  shoulder  by  acling  on  the  humerua, 
which  it  tends  to  drag  out  of  the  socket.  It  inclinps  the  trunk  a  little,  and 
both  mascles  together  eit*nd  the  trunk.  In  paralysiB,  forcible  backward  do. 
prMsion  of  the  raised  arm  is  lost,  and  the  shoulder  cannot  be  put  back  without 
being  also  raised  (by  the  trajier.ius). 

The  Peetoralit  major  (anterior  thoracic  nerves  from  the  brachial  plexus)  oon- 
siatsof  two  muscles,  the  action  of  the  clavicular  and  sternal  parts  being  different. 
The  clavicular  (which  arises  also  from  the  hiKhedt  pait  of  the  sternum),  if  th* 
arm  is  banging,  brings  the  shoulder  forwards  and  upwaiils,  as  if  shivering; 
if  tbo  arm  is  rained,  it  !•  brought  forwards  and  lowered  to  the  boriEontal  pesi. 
tioQ>  The  muscle  is  thus  concerned,  Duchenne  says,  in  the  "  cut "  of  the  swoids- 
roan  and  the  benediction  of  the  priest.  The  sternal  portion  lower*  the  raised 
every   poeilion,  and  it   the  arm  in  hanging,  it  drawn  the  shouldei 


down,     Paralys 


I  of  the 


ipper  part  hs« 


little  fffecl  0 


the  li 


arm.  because  the  anterior  fibres  of  the  deltoid  have  the  same  actii 
TCCOgniied  by  making  the  patient  put  hie  arms  in  front  of  him 
|ialmi  together.  In  pamtysis  of  the  lower  part,  even  with  the 
tailed  anu  cau  atill  be  luwei-ed  accumtely,  by  the  weigbt  of  the  i 


meut  of  th« 
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tion  ot  tb«  al«rktora,I)iit  it  cannot  ba  lowered  kgkliut  av«a  «  atigbt  raisUnca. 
That  &  blaclumith  with  thii  defKt  dodU  itiald  a  heftvy  hftmmar,  but  oonld  not 
blow  the  bflllowi  bj  ptiUing;  downward!  »  cord  (Duchenne). 

Tbe  Tare*  major  (thort  labtcaptilftr  nerve)  ftpproiimatM  tha  Iinmenia  knd 
tbe  onter  edge  of  the  Kipnla,bj  bringing  the  former  to  the  ride  of  the  trtink,kn<l 
rotating  the  ktter.  The  Bimnltaneoaa  conlnction  of  tha  levator  anguli  knd 
rhomboids,  Gxing  the  inner  angle,  c»iue«  thia  rotation  to  tBise  the  promineDca  of 
the  iboolder     Hanm,  in  ft  forcibla  alantion  of  the  sbooldar,  tba  arm  ii  preatad 


Ftei.dig.iab.(ll&III) 
FUx.  digit,  tab.  <l  &  IT) 

him.  bi«t. 

Abd.  minim,  dieit. 

Fl(x.  miD.  ilig. 

Oppon.  min.  dig. 


Fia,  10.— Motor  points  for  the  inn,  inner  lidr  {from  Erb).    The  poJnti  at  which  U 
nnsdca  and  narrai  can  neat  cOectiveljr  ba  nimnlHhd. 


82  ACTION  AND   PABAt.TSIS   OF  MOSCLBS. 

agkiiMt  tfM  rid*,  the  linrm-  fibrM  of  the  Uttmimoi  mad  pcetoralu  major  aiding 
ttw  adduction.  Tha  tare*  cannot  alon«  put  th«  mrm  behind  th«  tmak.  Id 
paimljik,  the  deralion  of  the  ihontder,  with  th*  wm  af^inct  the  ride,  in  lost. 

MaaCLMB  MOTiKO  tbb  Foiliin. — Trittpt  (nnuciilo-apiral  nerre). — The  long 
had  haa  an  action  limilar  to  the  terae,  bat  feebler.  It  oonlracta  when  the  arm 
iafomblf  lowand.and  prarenta  the  dtaplamnent  downwudi  of  the  head  of 
the  hninania  bj  the  aetnal  depreaon,  the  latioimu  and  pActoralia.  All  fmrU 
ntaad  the  elbow,  the  long  head  with  lea*  fone  than  the  otheia,  but  tta  action  on 
the  abooldef' joint,  jnat  mentioned,  i»  important,  brcanae  forcible  deprceaion  of  the 
niaed  arm  ia  often  aawidated  with  eitenaioo  of  the  elbow.  In  paraljaia  of  the 
tritepa,  the  elbow  can  only  he  extended  hj  tha  weight  of  the  forearm,  and  ai- 
teniion  againrt  gravitation  ia  tmpoaaibte.  Thna  a  man  with  paraljiia  of  the 
I  hat  in  the  cnitomaiy  manner.  Flexion  of  the  elbow 
fi  aecnnnt  of  the  loa  of  tha  antagoniatio  atead/ing  force. 


Tricepa  ^Dg  bead) 


vTiireia  (onter  bead) 


Aloluct.  minim.  digiU 
(Ill  and  IV) 


Wu.  11.— Voter  poinU  for  the 
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The  Brcichialis  antieus  (masculo-cutaneous  and  mascalo-spiral  nerves)  flexes 
the  elbow  siinplj.  Its  rare  isolated  palsj  has  little  efEect,  since  it  if  supple- 
mented bj  the  biceps  and  sapinator  longus. 

The  Biceps  (musculo-cutaneous  nerve)  supinatesthe  forearm  if  it  is  pronated, 
and  then  flexes  the  elbow.  In  pamlyMis  the  flexion  can  still  be  effected,  but  the 
traction  on  the  humerus  causes  pain  at  the  shoulder,  from  the  loss  of  the  support 
of  the  long  head  of  the  biceps. 

The  Supinator  longiu  i  musculo-spiral  nerve)  places  the  forearm  midway 
between  pronation  and  supination,  and  then  flexes  the  elbow.  If  it  is  paralysed, 
there  is  a  tendency  for  supination  to  accompany  flexion  (biceps) ;  and  if  the 
brachialis  antieus  is  also  paralysed,  the  elbow  can  only  be  flexed  when  the  fore- 
arm is  supinated. 

If  the  three  direct  flexors  of  the  elbow  are  paralysed,  feeble  flexion  is  still 
po^ible  by  the  extensors  of  the  wrist,  which  cross  the  elbow.joint,  but  only 
after  the  forearm  has  been  pronated  and  the  wrist  over-extended. 

The  Supinator  brevis  (musculo-spiral  nerve  by  posterior  interoRseal  branch) 
is  the  only  simple  supinator.  If  it  is  paralysed,  supination  can  Rtill  be  effected 
by  the  biceps,  and  also  by  the  supinator  longus  as  far  as  midway  between 
pronation  and  supination. 

Pronators. — The  p.  ter^  and  p.  quadratus  (median  nerve)  both  pronate 
ftrongly,  and  their  palsy  causes  loss  of  this  movement,  but  pronation  to  the 
mid-position  is  still  possible  by  the  supinator  longus. 

Muscles  moyino  the  Hand. — Flexors  of  Wrist. — The  F,  carpi  tdnaris 
(ulnar  nerve)  and  F,  carpi  radicUis  (median)  flex  the  wrist.  The  ulnar  flexor 
tends  to  tarn  the  supinated  hand  still  more  out,  but  neither  moves  the  wrist- 
joint  laterally.  Flexion  indeed  hinders  the  lateral  movements  of  the  wrist,  in 
consequence  of  the  shape  of  the  articular  surfaces.  The  f.  c.  ulnaris  flexes  the 
fifth  metacarpal  bone  on  the  carpus,  as  well  as  the  wrist-joint.  In  paralysis, 
flexion  of  the  wrist  can  only  be  effected  by  the  flexors  of  the  fingers  when  these 
are  extended.  Extension  of  the  wiist  is  unsteady  from  the  loss  of  theantergio 
contraction  of  the  flexors  (see  p.  7). 

Extensors  of  Wrist. — Extensor  carpi  radiales  hrevis  et  longus  ;  E.  c,  ulnaris 
(musculo-spiral  nerve  and  its  radial  branch).  The  short 
radial  is  a  direct  extensor;  the  long  radial  and  the 
ulnar  move  the  hand  laterally  as  well.  In  paralysis  of 
all  three  extensors  the  wrist  can  only  be  extended  by 
the  exti'nsors  of  the  fingers  when  the  phalanges  are 
flexed.  In  loss  of  the  short  radial,  direct  extension  is 
ftill  possible  by  the  long  radial  and  ulnar,  and  lateral 
extension  by  one  of  these  alone.  If  either  is  para- 
lysed, together  with  the  short  radial,  direct  extension 
18  lost,  and  only  lateral  extension,  in  the  direction  of 
the  remaining  muscle,  is  possible.  Paralysis  of  either 
lateral  extensor,  long  radial  or  ulnar,  leads  to  perma- 
nent deviation  of  the  wrist  in  the  direction  of  the  _  p  i  :  # 
remaining  muscle  (Fig.  12).  The  loss  of  the  long  '^^^  ,*^j~  "jJJdUl'ex- 
radial  is  more  serious  than  that  of  the  ulnar,  because  tensor  of  the  wrist  io  a 
the  radial  lateral  movement  is  of  more  importance,  being      yoQ")?  child ;  habitual 

needed  for  the  convenient  motion  of  the  hand  to  the      deviation  of  the  hand 
. ,       T»      1     •      ^  XL         1.  •        •      n     •         e      towards  the  ulnar  side, 

mouth.     Paralysis  of  the  extensors  impairs  flexion  of      (After  Duchenne.) 

the  fingers,  from  the  great  shortening  of  the  course  of 

the  tendons,  by  the  flexion  of  the  wrist  that  occurs.     The  ulnar  extensor  acts 

TOL.  I.  8 
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alBO  sjnergically  with  tba  extensor  of  the  metacarpal  bone  of  the  thnmb,  as  may 
be  noted  if  the  finger  is  placed  on  the  tendon  beneath  the  styloid  process  c^ 
the  ulna.  Hence,  in  paralysis  of  this  extensor,  the  hand  deviates  laterally  when 
the  thumb  is  strongly  extended. 

EsUensora  of  the  Fingers. — Extensor  eammunis  digiiorum;  E.  indieis; 
E.  minvni  digiti  (mnsoulo-spiral  nerve).  The  common  extensor  moves  the 
fingers  and  then  the  wrist.  When  the  mnscle  is  faradised,  the  extension  begins 
at  the  distal  phalanges,  and  these  become  flexed  again,  when  the  hand  is 
extended  beyond  the  plane  of  the  forearm,  by  the  tonio  foroe  of  the  flexors, 
the  oonrse  of  their  tendons  being  elongated  by  the  extension  of  the  wrist 
Moreover,  the  mnscle  has  little  action  on  the  last  two  phalanges,  since  they 
cannot  be  extended  by  the  long  extensor,  if  the  interossei,  their  proper  exten- 
son,  are  paralysed.  Daring  extension  by  the  communis  the  fingers  are  sepa- 
ratecl  from  the  second.  The  extensors  of  the  first  and  last  fingers  have  a 
•itiiiUr  extensor  action,  but,  in  addition,  they  addnct  their  respective  fingers 
i<iWArds  the  middle  finger.    In  pamlysis,  the  extension  of  the  fingers  is  im- 


Fio.  13. 


Fio.  14. 


|:  Ml  1  n  I'oMture  of  the  hand  in  contniction  of  the  palmar  fascia,  resembliDg 
Mmt^  »H  imialv-U  of  the  long  exteuBors  of  the  finger. 

t^iii  1 1,  — I'HrHlyviii  of  the  fibres  of  the  flexor  lublimU  which  act  on  the  two 
h«IiMIm  nn|/«ir»i  iwiilve  yean'  duration.  The  •econd  phalanges  of  these  fingers 
M«i.  ifi.H*  iiiKkwHifU  and  subluzated  from  the  contracture  of  the  nnopposed 
l„|...»M..^»l,  «»I»H«»  th»  laat  phalHUj^es  are  kept  in  poaition  by  the  unaffected 
II.  «..»  |.».i'r»iiHlii«.     (After  Duchenne.) 


11,1,4,  i.Mi  If  th«  proximal  phalanges  are  passively  extended,  the  middle 

H.,-1  i|i..Ul  |..iiilii  ran  Ih*  extended  by  the  interossei.     For  the  lateral  move- 

„l^  nf  ll<ii  tllHlla,  I'ltrimion  of  the  proximal  phalanges  is  essential,  and  hence 

II „ MM.iiU  aid  h«t.  hut  they  can  be  performed  if  the  proximal  phalanges 

,  ..   , I  ,.|j  ii«IiiimIoi|.     The  iMwture  of  the  fingers  due  to  contraction  of  the 

,  .(....H   I .|.»  ii.....inl.ln«  that  in  palsy  of  the  long  extensor  (see  Fig.  13), but  an 

„. i...u>.M  ..I  IIh«  I'ttlm  hIh'Wii  the  cause  of  the  flexion. 

<  k,  .  .M  ri  .(/  /''<i»i/i  #  •.     /*'.  9tuhliinis  (median  nerve) ;  F  profundus  (median  and 

„l,.  M  • LI)      'l'h«'«»  iiiunoli's  fl«x  chiefly  the  second  and  third  phalanges,  the 

li,.t  |.I..,I.M.«   I..  hiH  itfM'd  hy  tli«  intcroasei.     The  8Ui)erficial  muscle  flexes  the 

I  |.ImiI.«...  hm  ilin  (h«t,  ti»<»  «1«'«M»  flt'xes  both.     The  action  on  the  fii-st  phalanx 

i.. ii„...|  hi  i.«lMiiMn  (lounn  of  the  finj?ere,  and  is  the  less,  the  more  the  wrist 

I.  ii.  ...|      ItuI  If  Ihn  lli«»i»in  of  the  middle  and  distal  phalan^res  is  prevented 
11..  ih..i  N«liiiii|(li  llutad.     lu  extreme  shortening  of  the  coui*ae  of  the  tendons 
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bj  flexion  of  the  wrist,  the  action  on  the  fingers  is  very  feeble,  evidence  of 
a  nonnal  antergic  action  of  the  extensors  of  the  wrist.  When  the  extensor  of 
the  fingers  is  in  strong  action,  extending  the  proximal  phalanges,  the  action  of 
the  flexors  on  the  second  and  third  joints  is  very  strong  (tearing  position).  In 
paraljsif  of  these  mnscles  the  power  of  flexing  the  last  two  joints  is  lost,  but  the 
interoraei  still  flex  the  metacarpo-phalangeal  joints.  Paralysis  of  the  deep  flexor 
alone  causes  merely  loss  of  the  power  of  flexing  the  distal  joint,  bnt  this  impairs 
many  movements,  such  as  playing  on  the  piano.  In  paralysis  of  these  muscles, 
the  anopposed  tone  of  their  opponents,  the  interossei,  which  extend  these  joints, 
leads  in  time  to  over-extension,  and,  with  repeated  passive  pressure  in  using  the 
fingers,  may  even  produce  a  subluxation  backwards.  In  palsy  of  the  sublimis 
this  effect  is  chiefly  seen  at  the  middle  joint  (Fig.  14),  in  that  of  the  profundus 
at  the  distal  joint. 

Inierossei  and  Lumbricalet  (ulnar  nerve,  except  the  outer  two  lumbricales, 
which  are  supplied  by  the  median). — The  Interossei  abduct  and  adduct  the 
fingers,  but  only  when  these  are  extended  at  the  metacarpo-phalangeal  joints, 
and  some  effort  is  required  for  adduction,  since  the  tendency  of  the  long 
extensor  is  to  separate  the  fingers,  and  this  influence  has  to  be  overcome.  They 
also  extend  the  second  and  third  phalanges  on  the  first,  and  flex  the  first  on  the 
metacarpal  bones.  The  lumbricales  aid  the  flexor-extensor  action  of  the  inter- 
ossei,  but  do  not  move  the  fingers  laterally.  The  opposite  action  of  the  fore« 
arm  muscles  and  of  the  interosseal  extensors  and  flexon  is  very  important. 
Their  synergic  action  steadies  movements,  and  in  many  actions  they  contract 
alternately.  Thus  in  making  a  down-stroke  with  a  pen  or  pencil  the  long 
flexors  bend  the  last  two  joints ;  while  in  making  an  upstroke  these  are  ex- 
tended, and  the  metacarpo-phalangeal  joint  is  flexed,  by  the  interossei.  In  para- 
lysis of  these  muscles  the  lateral  movements  are  lost,  but  a  slight  abduction 
and  adduction  of  the  index  can  still  be  effected  by  its  long  extensors.  Only  the 
first  phalanx  can  be  extended,  and  flexion  is  almost  confined  to  the  last  two 
phalanges.  The  first  three  lumbricales,  being  supplied  by  the  median  nerve, 
often  escape  when  the  other  muscles  are  paralysed  by  an  injury  to  the  ninar 
nerve,  and  they  aid  the  others  when  these  are  merely  weak ;  hence  the  index 
and  middle  fingers  seem  to  recover  before  the  others  (Fig.  15).     The  position  of 


Fio.  15. 


Fio.  IS. 


ez 


Fio.  15. — Recent  incomplete  psmlysis  of  the  Interossei  from  a  punctured 
woand  of  the  ulnar  nerve  at  the  wri^t:  attempt  to  extend  fingers.  The  loti 
of  extension  of  the  last  two  phMlanges  is  chiefly  marked  in  the  third  and  fourth 
fingers,  from  the  influenoe  of  the  Inmbricales  (supplied  by  the  median)  on  the 
others.    (After  Dnehenne.) 

Fio.  16. — Paralysis  of  the  interossei  (ulnar  nerve)  slight  in  degree t  attitude 
of  fingers  at  rest. 

the  hand  at  rest  becomes  altered.    Normally  there  is  slight  flexion  at  all  joints 
bj  tha  tone  of  the  muscles,  interossei  and  long  flexon.    In  paralysis  the  fiist 
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phklnnx  is  in  a  line  witb  the  metaoirpfti  bones,  while  the  other  phalange*  tn 
fl«xed,  the  middle  more  than  the  distal  (Fig.  16).  In  action  tbia  flexion  li 
alwnji  increased,  the  roetacarpo-phalangsal  junta  become  o*er-extend«d,  aod 
the  other  jointa  atronglj  flexed  (Kig.  17).     Graduallj  the  band  • 


Fio.  17. 


FiO.  13. 


I^IO.  17. — Attempt  to  Qiibntton  waiiteOKt  by  C)ie  )iiiiii1  ihown  fn  the  bit 
fliure;  cxtrema  fleiinn  or  the  laaC  two  phiilnnkiea,  md  eiteiiaioii  of  the  tint.  On 
the  ■ttampt  to  nH  the  flnj^n.     (I'roin  uature.) 

Fia.  IB. — OM-itanilini;  pxlij  of  ititerouel  and  thenar  muiclei,  ihowiiig  tba 
OTCrelU'iMioa  of  the  flrit  and  fleiion  of  tlie  lait  two  plialanget. 

Fis.  19.— FiiralyBii  oF  all  the  intririKia  muiclea  of  thii  hand  iind  of  the  tone 
AeiOT  of  tha  thnmb.  in  connsqnrnre  or  nn  iiijurj  to  tlia  brnphial  pUiai  in  dii- 
loratlon  of  the  ih^alder.  Tlia  flngi-n  preei'nt  the  cliir-like  sttitoda  j  the  thumb 
U  in  «ttn.ion.     (After  Dndienne.) 

FlO.  20.— Para  Iv ail  of  the  ulnar  nerTe  from  a  wonnd  at  the  wtlat  (Indlrated 
In  the  flgiira).  Eitreine  elaw-like  hand  from  the  iiiioppoaed  contraithin  nf  the 
eommoD  extenaor  and  long:  tliiiun  of  the  Biigan  and  thumb.   (After  Ducbenue.) 

porlnra  even  at  reat  (FiR.  18),  and  altimatcly  the  poetnre  beeomea  warped  into 
a  detonnity  by  the  over-extenaion  of  the  first  phalanges,  and  extreme  flexion 
of  the  othen,  dne  to  the  contracture  of  the  long  eitensor  and  of  the  flexotn ; 
the  tendoni  of  theae  mnaclea  atand  ont  oonapicnonsly  on  the  back  and  in  the 
palm, and  aclaw-like  attitude  ia  developed,  the  "  main  en  grifFe  '*  (Figa.  19  and 
20).  Change!  in  the  articulationii  may  ultimately  limit  even  paaaive  movement. 
HosCLBB  or  THB  TaTJUB.—E^tentor  lecundt  intemodii  poUici*  (mnaeulo- 
apiral  nerve)  extendi  both  phakngea,  and  move*  the  whole  thumb  backwardi 
and  from  the  flngeri,  ao  aa  to  bring  it  behind  the  plane  of  the  metacarpal.  It 
may  nltimately  extend  the  wriat-joint,  but  it  never  snpinate*.  Itia  notnaed  in 
extending  the  thumb  when  thii  ia  opposed  to  the  firat  finger.  In  p»rk 
lyaii,  the  metacarpal  bone  of  the  thnmb  ia  alightly  flexed  on  the  varpna,  and  ia 
inclined  forwarda.  The  aeoond  phalanx  ia  flexed  oa  the  fiist,  and  ean  only  b* 
extended  (by  the  abdnctor  and  oater  part  of  the  abort  flexor)  when  tha  meta- 
carpal  bone  ia  addn«tad  and  tba  flrat  pbaUaz  ii  flexed.  The  eonetnnt  flexion  of 
ibt  uaand  phalanx  iuterfei-as  with  the  luovomuat  at  the  index  Biiger,  uiittwH  the 
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patient  remembers  to  move  the  thumb  out  of  the  way  by  the  extensor  of  the 
metacarpal  bone.  Writing  is  not  interfered  with  becaose  the  muscle  is  not  con* 
eemed  in  extension  with  opposition. 

The  ExlenMr  primi  intemodii  pollieU  (muscnlo-spiral  nerve)  is  the  tme 
abductor  of  the  thumb.  It  moves  the  raetacai*pal  bone  outwards,  and  extends 
the  first  phalanx.  It  would  move  the  whole  hand  in  the  same  direction  as  the 
thumb,  were  not  this  tendency  counteracted  by  the  antergic  contraction  of  the 
ext4*nsor  carpi  ulnaris  (q.  v.).  It  does  not  pronate  or  supinate.  In  paralysis 
abduction  of  the  metacarpal  bone  is  less  than  normal.  There  is  an  undue  flexion 
of  the  first  phalanx,  and  the  metacarpal  bone  is  flexed  on  the  carpus,  so  that  the 
thumb  is  drawn  towards  the  palm.  The  lof^s  of  this  muscle  is,  however,  compen- 
sated to  a  considerable  extent  by  other  muscles. 

The  Extensor  ossis  metarcarpi pollicis  (musculo-spiral  nerve)  is  really  the  long 
abductor  of  the  thumb.  It  moves  the  metacarpal  bone  outwards  and  forwards, 
flexing  it  on  the  carpus,  and  then  flexes  the  wrist  with  slight  pronation.  It  thus 
moves  the  thumb  as  much  forwards  as  outwards.  In  paralysis  the  metacarpal 
bone  is,  at  rest,  less  inclined  forwards  than  normal,  and  somewhat  abducted,  but 
the  first  phalanx  is  in  its  normal  position.  Movement  of  the  thumb  is  but  little 
interfered  with. 

In  combined  palsy  of  the  extensors  of  the  first  phalanx  and  of  the  metacarpal 
bone  the  thumb  becomes  adducted,  and  is  parallel  to  the  radius.  The  first 
phalanx  is  slightly  flexed  by  the  thenar  muscles. 

The  Thenar  muscles  constitute  two  groups:  (1)  The  short  ahdwstor  and 
onUr  portion  of  the  short  flexor  (median  nerve)  move  the  metacarpal  bone  for- 
wards and  inwards  (flexing  the  first  phalanx),  incline  it  outwards,  and  rotate  it 
inwards,  so  as  to  place  its  palmar  aspect  opposite  the  fingei-s.  The  second 
phalanx  is  ultimately  extended.  If  the  metacarpal  bone  is  previously  abducted 
the  movement  is  greater,  and  amounts  to  circumduction.  (2)  The  adductor 
and  inner  part  of  short  flexor  (ulnar  nerve)  go  to  the  inner  side  of  the  first 
phalanx.  The  metacarpal  hone  is  moved  towards  that  of  the  second  finger :  if 
previously  flexed,  it  is  extended  ;  if  previously  opposed  to  the  index,  it  is  moved 
a  little  outwards.  The  phalanges  follow  the  movements  of  the  metacarpal  bone, 
but  the  first  is  slightly  flexed  and  the  second  is  extended,  as  the  fingers  are 
by  the  interossei. 

The  Opponens  pollicis  (median  nerve)  flexes  the  metacarpal  bone  on  the 
carpns,  and  abducts  it,  but  this  movement  is  insufficient  to  oppose  the  thumb 
to  the  index  ;  the  conjoint  action  of  the  abductor  is  necessary  (see  above). 

The  Flexor  longus pollicis  (median  nerve)  flexes  the  second  phalanx  forcibly 
and  the  first  feebly.  It  has  no  action  on  the  metacarpal  bone.  It  is  used  in 
writing  (making  a  stroke  towards  the  body)  and  in  picking  up  a  small  object, 
^ke.  In  paralysis  this  flexion  is  lost,  and  with  it  these  actions  ;  if  an  object  is 
held  between  the  tips  of  the  thumb  and  foi*cfinger,  the  last  phalanx  of  the 
thumb  is  bent  back.    Other  movements  of  the  thumb  are  not  interfered  with. 

If  all  the  thenar  moscles  are  paralysed  the  metacarpal  bone  is  in  the  plane  of 
the  index,  and  drawn  towards  it  by  the  extensor  of  the  second  phalanx,  which 
moTCB  the  metacarpal  bone  inwards  and  ba^;k wards.  The  whole  thumb  corre- 
fpoodi  with  the  metacarpal  bone  in  position,  the  phalanges  being  normal.  In 
paialyaia  of  the  abort  abductor  and  flexor  the  second  phalanx  cannot  be  extended 
vnkaa  tlM  metacarpal  bone  is  abducted.  These  short  muscles  normally  prevent 
Ih*  ftbdiMlMHi  that  the  extensor  of  the  second  phalanx  tends  to  produce.  The 
liltiart  ■WWOf cr, prevents  undue  adduction  when  the  special  abductors  are  para- 

the  metacarpal  bone  into  the  plane  of  the  index.    Thps  the 
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poKtnre  of  the  band  at  rest  resembles  tbat  of  tbe  band  of  an  ape  (Figs.  21  and  22)^ 
If  the  abductor  and  opponeus  are  paralysed,  tbe  tips  of  the  thumb  and  fingen  can 


Fio.  21. 


Fio.  22. 


Fia.  23. 


Kio.  21. — Normal  position  of  tbe  thumb  (for  comparison  with  the  sneceeding 
flffurra). 

Fjo.  22. — Position  of  the  band  in  long-standing  paralysis  and  wasting  of  tiie 
ifstiar  muscles.  Under  tbe  influence  of  tbe  long  extensor  the  metacarpal  bone 
oi  Ibe  thumb  bas  been  brought  into  tb««  same  position  as  tbe  other  metacarpal 
\Htnr§,  being  rotated  slightly,  so  tbat  tbe  back  of  tbe  thumb  U  in  tbe  plane  of 
ibe  bsfk  of  the  band,  like  the  hand  of  tbe  ape.     (After  Ducbenne.) 

Fio.  28,  from  another  case,  sbows  tbe  rame  condition,  but  still  greater  die* 
placement  of  tbe  metacarpal  bone  bas  taken  place,  from  tbe  greater  contraction 
of  the  extensor.     (After  Ducbenne.) 

only  be  brought  together  by  flexing  the  last 
phalanges  of  the  digits  (Fig.  24).  Then  the 
thumb  can  be  brought  into  contact  with  the 
finger  by  means  of  the  short  flexor,  which 
inclines  the  metacarpal  bone  sufficiently  to 
effect  this,  although  not  enough  for  the  tip 
of  the  first  finger  to  touch  the  thumb  when  its 
phalanges  are  extended. 

If  the  sboii  flexor  is  paralysed,  the  thumb 

can  ptill  be  opposed  to  the  first  two  fingen  by 

the  abductor,  but  it  cannot  be  opposed  to  the 

lant  two  fingers,  on  account  of  the  deficient 

lateral  inclination  of  the  thumb,  which  should 

be  produced  by  this  muscle.    Writing  is  easy 

by  means  of  the  short  abductor,  whereas,  tf 

this  is  lost,  although  the  thumb  can  be  opposed 

i^m.  'M.     Vnrn)yn\n  of    tbe  ab-   to  each  of  the  fingers,  writing  is  much  inter- 

iliH  lor  bi«'vi«  himI    <»|»poneii8   f^red  ^jth. 

|ii«ll.i:i«.      Fiom  tbe  want   of  ..     *       , 

!i..'.«  mu.il«i»  tl.H  thumb  <an  ^^  a^l  ^*^«  ^^^^^^  muscles  are  paralysed,  a 
iihly  bii  bioii^bt  In  contart  certain  amount  of  opposition  of  the  thumb  and 
u.)ib  III"  lip  of  tbe  Ifulex  by  finj^ers  is  still  possible,  by  means  of  the  flexion 
.t.ui.,/  rt.  »!oM  nf  ti...  la«t  two  ^f  ^^j^  last  phalanges  of  the  thumb  and  fingen. 

l»li.il(Hi|/r»iif  lbiiniij(«r«,ntlicr-     _-     -,  1         J  i.i.1.        jj       i.  1.?     A 

w».«  lU  tip  i.f  tb..  tliiimb  If  all  are  paralysed  except  the  adductor,  objects 

iiiily   ri'iiilitsu  tb<«   mitbllH  of  can  ntill  be  held  between  the  thumb  and  tide  of 

(bit   •itiiihI  pbititiiix.      (AftiT  ^\^Q  palm. 
Ihirlii^iilitt.) 

MUHCLKS  OF  THE  LoWER  LiMB. 

Mi'Bri.Ks  MoviNO  TiiK  Hir-.ToiNT. — The  Gluteus  masimus  (small  toSatia 
ntiivit  cliiilly)  riliMiiU  tbe  bip. joint,  and  freely  rotates  tbe  thigh  outwarda.  It 
is  tbe  UMmt  iNiwurful  extensor  of  the  hip,  and  it  is  chiefly  used  when  a  foioiblt 
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extension  is  reqnined,  and  the  joint  has  been  previonslj  flexed.  It  if  employed, 
not  in  standing,  or  in  walking  on  level  gronnd,  but  in  going  npstain,  or  uphill, 
and  in  rising  from  a  seat.  When  it  is  paralysed  these  moyements  are 
difficult. 

The  Gluteus  medhu  (gluteal  nerre)  is  the  chief  abductor.  All  parts  of  the 
muscle  have  this  action,  but,  in  addition,  the  anterior  third  moves  the  thigh 
fbnrards  and  rotates  it  inwards,  while  the  posterior  third  moves  it  backwards 
and  rotates  outwards.  The  successive  action  of  the  several  parts  causes  circum- 
duction. The  Gluteus  minimue  (gluteal  nerve)  has  probably  the  same  action. 
In  paralysis,  abduction  and  circumduction  are  lost ;  in  standing  on  the  other  foot 
the  pelvis  is  inclined  from  the  affected  side,  and  hence,  in  walking,  there  is  an 
oscilUtion  of  the  trunk,  which  becomes  very  considerable  if  the  muscles  of  both 


Crmral  n  • 

Obturator  u. 
Pectineuf 

Adductor  mag 
Adductor  long. 

Crureo 
Vastus  intern.  < 


Y  Tensor  vaginiB  femoris. 


Sartorins. 


Qaadriceps. 
Rt'ctns  femoris* 


} 


Vastus  extern. 


Fio.  23. — Motor  poiuU  on  the  front  of  the  thigh  (Erb). 

■ides  are  affected.  Moreover,  the  unopposed  tone  of  the  outward  rotators  pro- 
duces a  permanent  rotation  of  the  leg,  so  that  the  toes  are  directed  outwards, 
and,  from  the  altered  position  of  the  foot,  the  propulsion  of  the  body  in  walking 
is  deficient. 

The  Pyriformis,  GemeUi,  Obturator  internus,  and  Quadratuefemarie  (special 
nerves  from  the  sacml  plexus)  all  rotate  the  thigh  outwards,  and  the  first- 
named  muscle,  in  addition,  carries  the  thigh  obliquely  backwards  and  outwards, 
in  the  same  way  as  the  posterior  fibres  of  the  gluteus  medius.  In  paralysis  of 
these  muscles  external  rotation  is  impossible,  and  the  unopposed  tone  of  the 
internal  rotators  (anterior  fibres  of  the  gluteus  medius  and  minimus)  causes  the 
leg  and  foot  to  be  habitually  turned  inwards. 


■iO  ACTION   AND   PARALYSIS  OP  MDSCLE8. 

The  Ptoat  (liimbftr  nerve)  and  Iliaau  (Anterior  crural  nerve)  fles  the  tilp. 
joint,  and,  in  doing  to,  csiiM  filao  ft  «light  rotation  outwardi.  In  paralviiH, 
tlcxion  in  Inet.  and  the  ti*eof  the  hg  in  valking  becomen  impmeible. 

Tlie  Teneor  vaginte  femoria  Km  a  (light  power  of  flesine  the  hip,  and  at 
the  BBTne  time  rotatex  the  thigh  in.  It  normiilly  connlemctii  the  tendenej  of 
the  ilio-pHoaa  to  rotate  outnardit.  If  it  ia  paralrned,  there  i*  a  tendencv  for  the 
foot  to  turn  out  when  it  in  beins  brniislit  forward  in  the  act  of  walking. 

AddvHoTi  of  the  Thigh.^The  Pectintut  (obturator  nervf)  caniwii  an  obliqne 
nioveraput  forwards  and  inwards,  i.  e,  »  combined  Hpiion  and  addiii'tton,  a*  in 
croMing  the  WgK,  It  also  rotntea  outw^LnlB.  The  Addrtetor  lon^*,  and  pro- 
hablj  the  Adductor  brevU  (obturator  nervel,  have  the  eame  action,  but  the 
flexion  in  Ira*  than  bj  the  pectineus.  The  Adductor  magavM  (obturator  and 
great  Rrinlic.)  caimcR  a  RimiUr  addartion.  hut  while  its  upper  fibres  rotate  out- 
wards its  lower  fibres  rotate  in,  and  are  einflnred  in  ki-eping  the  foot  straight 
dnring  adduction  in  ridinj;.  This  i*  verv  difficult  if  these  fibres  are  pai-al_vi>eU. 
Tlie  foot  then  turns  out  when  the  hip  is  flcied,  either  in  the  rerumbent  j>iyilHr« 
or  in  wnlkinB,  from  the  preponderance  of  mtnlion  out  bj  the  other  addnctom. 
When  all  the  adductors  are  pai-aljaed,  not  onlj  is  addurtion  lost,  but  in  fleiii>D 
of  the  hip  the  font  is  moved  forward*  and  outward*,  instead  of  direitlj  for- 
wards, showing  that  tli^i'e  is  nnrmallT  a  svnergic  action  of  the  alidui'tuii  and 
adductom  with  the  fleiors  in  this  movement. 

Mi'BCLBS  MOTfNO  THE  Knee. — ExIentOTi:  Reel'it,  Vimti,  and  Crureu), 
together  railed  tlie  E.  quadricepi  (ant.  crural  nerve). — The  rnsli  act  soleir  on 
the  knpe-joint;  the  rectus  also  aids  in  fining  the  hip,  but  chiellr  wlien  the 
knee  is  hi>nt.  In  coniieqiience  of  its  pawaj^e  over  the  liip-jnint,  moreover,  the 
force  with  which  it  eitcnda  the  knee  i»  incifased  b_v  the  siinullnneoua  eitennion 
of  the  hip.  Tliis  effect  is  u!<eful  in  the  propulsion  forwards  of  the  bod;  in 
walking.     The  crnreus  is  nnimiwirtant. 

In  paraljsis  of  the  eitciisorB  of  the  knee,  standing  is  still  pmsibie  if  the  knee 
[s  eilended,  sinoe  the  arinngerticnt  of  the  articulation  rendejn  a  eontrnotion  nf 
the  extensors  iinnccosarr.  But  secondary  shortening  of  the  fieiort  is  apt  to 
occur,  and  then  standing  heconjps  impossible  because  the  kneecanmit  beperfevlly 
extended.  In  the  same  war.  wnlking  is  {uissible  if  the  leg  Is  nntmove<l  forward 
beyond  the  vertical  position  ;  if  it  i*.  the  knee  becomes  fleicd  by  the  weight  o( 
the  leg  and  foot,  and  the  patient  falls  when  he  atlempt<  to  re«t  upon  it. 
Kising  from  the  kneeling  posture  in  the  ordinary  way  is  imjiossihte.  Id  paitiii 
paralysis  nf  the  muHcles.  as  in  psetido.hyjierti'ophiR  pamlysis  (q.  v.),  the  exten- 
sion of  the  knee,  in  liaing.  is  facilitated  by  placing  the  hand  upon  it,  and  sa 
bringing  the  centre  of  gravity  of  the  body  near  the  fulcrum  of  the  lever  funned 
by  the  femur.  If  the  vastus  internus  and  rectus  are  paralysed,  the  vustua 
externns  may  dislocate  the  patella  by  the  obliquity  of  its  traction.  The  vastus 
internus  never  does  so  in  the  opposite  condition,  because  its  action  ie  less  oblique. 

Flaaors  of  the  Knet, — The  Sarforius  (unt.  crural  narve)  flexes  the  hip.  and 
Vnee-jointa,  and  hat  a  feeble  power  of  rotating  the  thigh  outwards  and  the  knee 
invaida.     It  ii  a  maiole  of  small  importance. 

Tba  OrtuOU  {ohbmiar  nerve)  adducts  the  thigh  man  powerfully  than  it 
Ohm  the  k"e«.    It  roir.t,-  llu.  !►■-  u,,v,Lr,l.. 

IM,  biecpt.  anil  S<"ii7nembraiiotuM  (great  sciatic  nerve) 

■  «t  th*  knnn  but  cif<?'aion  of  the  hip-joint,  and  are  the 

'j^Jlbl  Wp  during  nr-iinaiy  walking,  the  gluleua  maiimn* 

"  "  n  only  dnring  special  efforts.     The  leg  i*  rotated 

1^  initwania  hy  the  biceps. 
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In  pKTalyBH  of  the  fleioni  the  maltiiig  Ion  of  th«  poirerof  flexion  interfen* 
with  walking,  tiac«  the  knee-joint  CMinot  be  bent,  in  the  forward  movement  of 
the  leg,  until  tha  thigh  ia  flexed  anfficientlj  to  permit  the  weight  of  the  foot  to 
flei  the  knee.  To  prevent  the  toe*  ■trlking  the  gcoand  the  foot  it  andaly  flexed 
oD  the  l«g.  The  loK  of  the  inpport  that  the  flexor  tendons  f^ve  to  the  kneO' 
joint  leads  to  an  nndne  strain  on  the  ligamenta,  which  beoome  etrelched,  and 
■light  retroflexion  of  the  joint  may  oocnr. 

In  paraljiie  of  the  mniulei  that  extend  the  hip,  there  ia  a  tendencij  to  fall 
forwards  in  walking.  To  connteract  thU  the  tmnk  i*  carried  baokwarda,  and  a 
fatiguing  etnio  on  the  flexon  of  the  hip  rssalta. 

Inpanljeiiof  the  biceps,  the  teg,  during  flexion,  is  rotated inwardi;  when  the 
bicapa  nmaina  and  the  other  masclre  are  panJjeed,  there  is  an  undue  rotation  out- 


Tibialti  antteni 
Bxcenior  digii 


Extensor  loQg.  poll. 


0*  ttrtKPem  .(ooterhead). 
Puroneus  luugus. 


Flexor  long,  pollids. 


Extra anr  hT>?T.  dij^t. 


Fib.  26. — Motor  points  of  le^,  inter  s'de  (Erb). 
wants.     The  effect  of  these  abnormal  moTements  on  the  ligaments  of  the  jninf  is 
■och  that,  after  a  time,  the  amonnt  of  rotation  becomengreaterthan  is  possible  in 
beahh. 

TbePopIiteMt  (internal  popliteal  nerre)  has  but  a  feeble  power  of  flexing  the 
kBM.  Its  obief  action  is  to  rotate  the  leg  inwards  when  the  knee-joint  has  been 
fload. 

HuMLnxoTmoTHiFooT. — ExtttuortofFooionLeg.* — The  Ga«in>enei»iiu 
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and  Boleua  (interoftl  popliteal  nerre,  from  the  eciatio)  hare  tlie  lame  aotum. 
They  extend  the  hinder  part  of  the  foot  and  draw  down  the  onter  aide  of  the 
focepart  ol  the  foot,  but  Teiy  little  the  inner  aide.    Henoe  the  foot  ia  rotatedt 


Bieepa  (}fmg  head 
Bleepi  (short  head) 


Sxt  poplit,  a 


Oaitrocnenu  (ezt.  head) 


Soleai' 


Flexor  long.  poll. 


Glateoa  mazlmnt. 


Addaetor  nagnoa. 
*Seiiiitendino«ni. 
SemimembraiMMiia. 


r»i.  popUi, 


Ga^trocnem.  (lot.  head). 


Soleoi, 


Flexor  digit,  comni. 


ribial 


Fid.  27. — Motor  points,  back  uf  thigh  and  leg  (Erb). 


ao  that  the  dorsnm  looks  outwards,  while  the  whole  foot  is  tnmed  inwards  on 
the  axis  of  the  leg.    The  peculiar  inversion  and  adduction  tliat  thus  aocompaniea 

of  the  word  "flexor"  in  absolute  contradiction  to  its  proper  tigniflcation.  We 
ought  not  to  frame  a  descriptive  term  such  as  this  on  an  annlogy  which  iuToIves  a 
contradiction  to  the  description.  Flexion  is  bending,  a  movement  from  a  straight 
line;  and  extension  is  less  bending,  a  movement  towards  a  straight  (stretched, 
extended)  line.  To  call  a  movement  toward  a  straight  line  "flexion/*  because  in  the 
arm  the  similar  movement  produces  this  effect,  is  a  process  that  is  not  description, 
but  the  statement  of  an  analogy — the  worst  possible  kind  of  nomenclature.  Names 
should  be  descriptive  or  they  should  be  arbitrary.  Neither  theory,  nor  analogy, 
nor  homology  should  have  any  part  in  them.  What  we  call  homology  is  merely  a 
species  of  analogy;  it  rests  on  inference  and  reasoning,  not  on  simple  absolute 
aspect.    Nothing  that  rests  on  reasoning  is  inherently  stable  and  free  from  changeb 
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•xtemitm  is  dna  to  the  fonn  of  tlie  articnUr  ■arfaces.  The  gutrocnemiiu  hu 
veiT  little  povm  of  flexiDf  the  knee,  but  the  extension  of  the  knee  increwea  the 
•ffect  of  the  moKle  on  the  ankle-joint,  eepeciallj  In  walking,  juit  a«  we  hava 
•een  that  the  extension  of  thehipangmsntatheforceirith  which  the  cootncting 
nctna  extends  the  knee.  For  direct  eitensioD  of  the  ankle,  the  peroneaeconcmm 
•nd  oppoeee  the  inTeraion.  The  only  difference  hetween  the  gaitrocneniiaa  and 
■oleaa  i*  that  the  latter,  having  uo  attachment  to  the  femur,  can  extend  the 
ankle  when  the  knee  it  flexed  a>  well  as  when  it  i(  extended.  In  paraljaia  of 
these  mnaelea,  exteneion  of  the  ankle  (by  the  peroneus  longus  and  flexor  longna 
digitomm)  b  extremely  feeble,  and  the  foot  can  scarcelj  be  oarried  beyond  a 
right  angle.  Walking  ia  greatly  interfered  with ;  itanding  on  tiptoe  is  im- 
poaeible.  The  nnoppoeed  peroneal  longnacanieeeTersion  of  the  foot,  towers  the 
head  of  the  first  metatmal  bone,  and  deepens  the  plantar  arch.  In  Urns  the 
ankle-joint  beoomea  OTer-fleied,  the  heel  considerably  lowered,  and  the  plantar 
moseles  and  (kecia  become  ihortened.  Thereaultingdefunn  ty  la  te  medtal  pea 
la  (F  g  88). 


J^^..!^^?^^;: 


F  o  28  — Tnl  pn  c  leaneaifrnm  atr  pi  paralj  □  thenlrm  ocit*  with 
flriioD  of  cfaa  middle  and  diitid  phalanges  of  the  toei,  Irom  pMnljriu  of 
Uie  iiiterauei. 

The  PeroHewa  longut  (mnscnlo-cntaneoni  nerve,  from  externa]  popliteal  of 
•riatic)  eveita  the  foot,  towering  the  inner  border,  narrowing  the  foot,  and  in- 
creasing the  plantar  arch.  It  also  tarns  the  whole  foot  oat  on  the  axis  of  the  teg. 
It  has  a  rerj  feeble  power  of  extending  the  ankle.  It  keepa  down  the  inner  part 
of  the  foot  daring  exteneion  by  tbe  calf  muwte*,  aa  in  walking.  In  paralysia 
of  thia  mnacle  the  inner  part  of  the  front  foot  ii  not  supported  during  exteniion, 
and  yields  to  elight  force.  The  foot  becomes  adducted  and  rotated,  so  that  the 
sole  is  direct-d  inwards,  in  oonsequeace  of  the  uuoppoeed  action  of  the  sar&l 
mnsclee.  The  inability  to  press  the  inner  part  of  the  ball  of  the  foot  firmly 
i^unst  the  gronnd  leads  to  over-action  of  the  flexors  of  the  great  toe.  The 
plantar  arch  is  leasened ;  there  is  "  flat  foot." 

.n«aors  of  the  Foot. — The  Tibialit  anticu*  (anterior  tibial  branch  of  ext. 
popliteal  nerve)  prodooes  simnltaneuusly  three  movements  :  it  elevates  the  inner 
part  of  the  front  foot  (oppming  the  peroneus  longns) ;  it  flexes  the  ankle-joint, 
andaddactathefooL  TheKrfnitorlonjuxlijttoruni  (ant.  tibial  nerve),  besides 
extending  the  toes,  flexea  and  abdacts  the  foot.  Theabdnctioniainoonsequence 
of  the  outwaM  position  of  ita  tendons  beneath  the  annular  ligament.  These 
two  moBclea  together  produce  direct  flexion  of  the  foot,  or  flexion  with  adduction 
or  abduction,  as  the  force  of  one  or  the  other  preponderates.  Paralysis  of  either 
weaken*  flexion,  and  the  Mrrenponding  lateral  movement  is  lost,  flexion  being 
aeeomputied  by  the  deviation  effected  by  the  muscle  that  remains.  The  defect 
w  flerioa  ia  gte«t^  in  paralysis  of  the  tibialis,  and  the  less  of  the  instinctive 
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flexion,  when  the  leg  is  hrought  forward  in  walking,  caases  the  foot  to  catch 
against  the  ground.  Paralysis  of  the  flexors  is  followed  hj  secondary  contrac- 
tus of  the  extensors,  and  talipes  eqninus  results  (Fig.  29),  which  is  the  greater 
the  longer  the  palsy  has  lasted  (Fig.  30).    Its  occurrence  is  facilitated,  in  many 


FlO.  29.— Talipes  eqninus,  dne  to  atrophy  of  the  tfhlaHs  antlcus  snd 
eecondary  contnicture  of  the  calf  muscles.  In  A  the  foot  is  shown  Ht 
rest;  there  i*  «ligi>t  equino-varus.  In  B  it  is  »hown  da nn»;  flexion, 
and  the  varus  is  chsnpetl  to  valgus  by  the  action  of  the  peroneus 
longus.  Note  the  increased  extension  of  the  toes  in  B  from  the  com- 
pensatory over-action  of  the  long  extensors  of  the  toes.  (After 
Dufheune.) 

cfwes  of  palsy,  hy  lessened  growth  of  the  bones  of  the  leg,  so  that  the  hall  of  the 
foot  only  tou<jhes  the  ground  when  the  foot  is  extended.     There  is  usually  slight 

I'lQ.  30.  Fiu.  31. 


y  .       ^,  tallpH  eqninus  from  oM-staiuHnjr  palsy  of  tho  tibialis 
^...^jtivw  ^^j  extreme  contraction  of  the  calf  musicles.     No 

V^Vkf  the  Interossei  and  the  adductor  and  short  flexor  of  the 
^^yWUnges  are  over-extend,  d  and  the  s.-cond  are  flexed, 
^^l^^Tiole  !•  increased.     (After  Duilunne.) 

*^  at  tMt  ©^®"  when  the  tibialis  is  pamlysed  rsee  Fig, 
**j^  »  produced  by  the  sural  extensors  (p.  42) ;  but  io 
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thin  ease  tbe  slight  valg^  at  rest  is  changed  to  yarus  on  an  attempt  to  flex  the 
ankle  (Fig.  29,  b). 

The  Peroneus  hrevU  (mnscnlo-cntaneous  [peroneal]  branch  of  ext.  popliteal 
nerve)  abdncts  the  foot  and  rotates  it,  raising  the  onter  edge. 

The  Tibiali$  posiicus  (posterior  tibial  nerve  from  int  pop.)  addncts  the  foot 
mnd  curves  it,  rendering  the  outer  border  and  instep  more  convex.  Its  power  of 
adduction  is  greater  than  that  of  the  tibialis  anticus,  and  it  does  not  rotate  the 
foot  in  the  same  manner. 

These  two  muscles  alone  hare  the  power  of  adducting  and  abducting  without 
flexing  or  extending ;  and  in  their  paralysis  these  simple  movements  are  lost. 
If  one  only  is  paralyned,  a  deformity  develops  corresponding  to  the  action  of 
tbe  other  muscle, — talipes  valgus  in  paralysis  of  the  tibialis  posticus ;  t.  varus 
in  that  of  the  peroneus  brevis. 

The  muMcle$  moving  the  toes  present,  in  their  mode  of  action,  a  close  corre- 
spondence to  those  of  the  fingers. 

The  Extensor  longu9  digitorum  and  the  Extensor  long^s  pottieis  (anterior 
tibial  nerve)  extend  chiefly  the  first  phalanges,  while  the  Flexor  longus  digitorum 
and  Flexor  brevis  (posterior  tibial  nerve)  flex  the  last  two  plialanges.  The 
Lumbrieales  and  the  InterosMei  (post,  tibial  nerve  by  ext.  and  int.  plantar), 
together  with  the  Abductor  and  Flexor  brevis  minimi  digiti,  oppose  both  the 
other  extensor  and  flexor  muscles,  flexing  the  first  phalanx  and  extending  the 
others.  This  action  is  of  great  importance  in  walking,  since  they  give  the  last 
propulsion  to  the  body  as  the  ball  of  the  foot  leaves  the  ground.  The  Abductor^ 
Adductor,  and  Flexor  brevis  pollieis  (plantar  nerves  from  post,  tibial)  have  a 
similar  action  on  the  great  toe,  but  with  adduction  or  abduction  respectively. 
The  interossei  also  produce  a  lateral  movement  of  the  toes,  but  this  action  is  of 
little  practical  importance.  In  ^iaralysis  of  the  common  extensor  of  the  toes, 
and  of  the  proper  extensor  of  the  great  toe,  the  tonic  force  of  the  interossei  and 
analogous  muscles  produces  persistent  flexion  of  the  first  phalanges  and  exten- 
sion of  the  others.  If  the  conditions  are  reversed,  and  the  latter  muscles  are 
paralysed,  the  first  phalanges  are  over-extended,  sometimes  even  subluxated, 
and  the  two  other  joints  are  flexed,  so  that  a  claw-like  form  of  foot  is  the 
result  (Figs.  31  and  2S).  The  final  propulsion  in  walking,  above  described,  is 
much  interfered  with,  and  the  attempt  is  painful  because  the  ends  of  the  toet 
are  turned  towards  the  ground. 

Other  examples  of  the  effects  of  paralysis  of  the  muscles  of  the  arm 
and  leg  are  given  in  the  illustrations  to  the  chapter  on  Infantile 
Paual^ttis  (Acute  Poiio-mj  elitis)* 
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GENERAL  PATHOLOGY. 

Stbcctukb — The  indiridiul  fibre*  eoD«rt  of  •  oeotnU  "aii*- 
<jUailer,"  which  U  the  ehiet  functionkl  elemeDt,  inrronaded  hj  the 
(  "  mednllmrj    ebeAth,"    or    **  white     anbstaiice     of 

Schirann,"  comtMieed  of  mjelm  (M,  Fig.  32),  & 
liquid  tAttj  inat«n»)  sapported  br  &  fine  network 
of  homj  enbatance,  "  neoroker&tiii."  The  mjelin 
is  absent  ia  the  "  non-mednll&ted "  fibree  of  the 
■viu[«tbetic.  A  delicate  membrane  sarrounds  the 
white  aabelance,  the  "  primitire  aheath,"  or  "  neuri* 
lemma,"  or  "  aheath  of  Schwann  *'  (S).  Naclei  (a) 
lie  at  inteirala  witliin  the  aheath,  between  it  and 
/  1         the  mjelin.     The  white  aubatauce  ia  interrupted  at 

f  I         regulardiatancesbj  what  are  termed"  nodea," — aome- 

^  I         times,  from  their  diacorerer,   "nodes  of  Banrier" 

(if).  Theend  of  each  portion,  or  "interoode,"  is  en- 
closed bj  the  sheatb,  thriiugh  which  the  axis-cjlinder 
passes.  Between  the  iDcurred  eztremitie*  of  the 
aheath  is  a  little  clear  cementing  substance,  shown 
hj  the  fine  dotting  in  the  figure.  There  ia  one 
nucleus  (n)  to  each  iiitemode,  about  its  middle; 
of  tbc  ■tnictuic  hence  the;  are  sometimes  called  "interaodal  nuclei." 
^'Tr'"™*"]  /  ■^''*>""'d  ^^^  nucleus  is  a  little  protoplasm,  and  it 
Istcd.  I'lL  nan-  ^  probable  that  a  very  thin  larer  of  protoplasm 
mcdalUud  Ibrr;  efervwheie  lies  between  the  sheath  aod  the  mjelin. 
8.  (hcBth  I  IS,  e^pi,  jnternode  maT  bo  conceived  as  a  cell,  a  fat- 
mjtliD.  or    white  ■        ,  ■     .  , 

•DbttKDc*  of  cell  according  to  Baovier,  consisting  of  membrane, 
ScWrad;  A<vi>U-  nucleus,  proloplaam.  and  fatt  j  matter,  the  cells  bf ing 
drtwi  N.  nodej  arranged  end  to  end,  and  the  axis*cjiioder  i-aaa- 
IS,  incuioD  of  ing  through  them,  as  a  string  passes  through  a 
8<:bmUlt.  (^™"  aeries  of  tubular  beads.  The  iotemodes  are  shorter 
tbe  nerre-Hbre  of  towards  the  berniination  of  a  nerve.  It  ia  important 
afroKjtainedwiih  not  to  confouud  the  nodes  with  other,  imperfect 
^  diviaioiiH,    aoiiietimes    termed    the    "  incisions    of 

Schmidt"  (IS,  Fig.  32,1).     These  are  oblique,  incomplete  divisions 
of  the  while  sulwtance.     Mauj  exist  in  each  node.     Thej  are  believed 
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bj  some  histologists  to  be  of  artificial  origin,  but  their  uniform 
character  seems  conclusiye  evidence  that  thej  depeud  on  structural 
conditions. 

The  myelin,  Banvier  snggests,  must  protect  the  axis-cylinder,  since 
its  almost  liquid  consistence  will  diffuse  pressure  on  the  nerve.  It 
may  also  have  an  insulating  action,  which,  while  not  essential  for 
conduction,  may  render  conduction  more  perfect,  and  possibly  more 
rapid.  The  nodal  segmentation  keeps  the  almost  liquid  myelin  uni- 
formly distributed  along  the  fibre,  and  permits  nutrient  material  to 
reach  the  axis-cylinder. 

The  "grey  fibres,"  "non-medullated  fibres,"  consist  of  an  axis- 
cylinder,  sheath,  and  nuclei  (Fig.  82,  III),  but  contain  no  myelin.  They 
constitute  the  sympathetic  nerves,  but  some  (probably  sympathetic 
fibres)  ai*e  found  in  all  the  spinal  nerves.  They  are  absent  from  the 
nerves  of  special  sense,  except  the  olfactory,  which  contains  no  other 
fibres. 

The  nerve-fibres  are  united  into  ^  fasciculi "  by  delicate  nucleated 
connective  tissue,  and  these  fasciculi  are  similarly  connected  into  larger 
bundles,  while  tbe  whole  nerve  is  surrounded  by  a  dense  connective- 
tissue  sheath.  From  this  a  very  delicate  "  sheath  of  Heuie  "  extends 
on  to  the  single  nerve-fibres  at  the  final  distribution  of  the  nerve.  All 
these  tracts  of  connective  tissue  are  continuous.  In  them  the  blood- 
vessels run  and  nerve-fibres  are  distributed.  These  "  nervi  nervorum  '* 
are  derived  from  the  nerve  they  supply.^  Each  nerve  ("including 
its  sheath")  is  thus  part  of  the  area  of  distribution  of  its  own  fibres. 

PhtsiolootofNebtes. — The  first  great  fact  to  be  kept  in  view  is  that 
the  axis-cylinder  of  each  nerve-fibre  is  the  prolonged  process  of  a  nerve- 
cell,  which  passes  gradually  into  the  axis- cylinder,  without  any  abrupt 
or  visible  change  in  structure.  This  unity  explains  the  secondary 
degeneration  described  in  the  next  section ;  the  axis  shares  the  life  of 
the  cell,  and  cannot  maintain  a  separate  existence.  Further,  the  fibre 
shares  all  modifications  in  the  nutrition  of  tbe  cell,  manifesting  it 
perbaps  in  a  different  way,  but  never  preserving  a  perfectly  normal 
state  if  the  nutrition  of  the  cell  is  changed. 

In  the  function  of  nerve-fibres  we  can  see  another  aspect  of  the 
same  fact.  We  speak  of  cells  producing  and  of  fibres  conducting 
what  is  termed  nerve-energy.  But  fibres  also  can  produce  nerve- 
energy.  The  stimulation  of  a  fibre  is  sufficient  proof  of  this.  More- 
over, if  we  pass  up  to  the  nerve-cell  we  are  met  by  tbe  necessity  of 
recognising  the  fact  that  this  function  of  the  fibre  is  not  peculiar  to  it. 
The  process  of  the  cell  must  conduct,  and  the  cell  must  itself  conduct. 
Each  motor  cell  of  the  cord  is  part  of  the  path  through  which  the 
nerve-energy  from  the  brain  passes.  That  which  passes  through 
must  be  conducted,  however  it  may  be  changed  in  amount.  Even  if 
it  is  renewed,  we  cannot  so  distinguish  this  function  of  the  cell  from 
that  of  the  fibre  as  to  say  that  there  is  not  conduction.  Nor  can  we  stop 
•  Honley,  £oy.  Med.  and  Chir.  Soc.,  Janauy  22, 1885. 


48  PHTBLOLOQT    OF   NEIiVBS. 

here.  A  fibre  can  generate  nerre-energy,  and  a  cell  can  conduct :  doei 
the  whole  function  of  the  two  differ  except  in  degree  P  If  tbej  are 
of  the  same  nature,  and  can  gjerform  the  same  function,  we  seem  unable 
to  avoid  the  conclusion  that  the  nature  of  tlie  function  must  be  the 
aame,  and  that  tbe  difference  we  recognise  must  be  iu  de^^ree. 

Tbe  great  contrast  between  them  is  not  in  function ;  it  ia  in  vitality. 
Function  differs  onl^  in  degree,  just  as  their  structure  differs  ia 
degree.  But  the  cell  possesiies  an  independent  vitality,  &nd  with  this 
it  possesses  also  that  mysterious  body — a  nucleus.  Fibres  have  nuclei 
in  abundance  outside  the  axis-cylinder ;  thej  have  no  nucleus  within 
their  functional  element  We  seem  to  have  in  this  feature  a  vital 
difference,  pregnant  alike  with  meaning  and  effect. 

Further,  so  far  as  is  ^et  known,  tbe  cells  within  the  central  nervous 
BTStem,  from  which  fibres  spring,  are  those  from  which  they  conduct. 
Hence  the  direction  of  conduction  ia  the  same  as  tbat  of  degeneration. 
But  this  relattoa  does  not  exist  everywhere ;  it  is  so  iu  the  motor 
nerves,  but  tbe  sensory  periphenil  nerves  degenerate  downwards  and 
conduct  upwards.  Here,  however,  tbe  conditious  are  nianifeslly  excep- 
tional. Their  vitality  depends  on  the  cells  of  ganglia  on  the  posterior 
roots.  These  are  vital  aa  far  as  we  can  see  aloae ;  they  are  not  related 
to  function.  The  function  is  towards,  not  from  them.  The  impulses 
come  from  the  structuves  in  which  the  nerves  end — structures  tbat 
seem  to  be  developments  of  the  axis- cylinder,  far  lower  in  nature 
than  nerve-cells,  but  possessing  the  same  power  of  genuratiag  an 
impulse  when  some  form  of  energy  acts  ou  them  from  without. 

These  upbearing  nerves  end  peripherally  in  most  cases  by  dividing 
into  many  branches.  Thus  each  fibre  ib  brought  into  much  more 
extensive  relation  with  the  external  furoes  than  would  otherwise  be 
possible,  and  may  end  iu  an  amount  of  receptive  material  not  incona- 
parable  to  that  of  a  nerve^cell  itself. 

The  endings  of  the  motor  nerves  aie  those  to  which  impulses  proceed, 
and  bence  have  no  relation  to  the  considerations  just  mentioned. 
These  structures  in  some  way  transfer  the  nerre-energy  to  the 
muscular  protoplasm,  at  least  it  disappears  in  making  the  muscle 
contract ;  and  tbe  only  fact  with  which  we  are  unmediately  concerned 
is  that  this  must  involve  continuous  molecular  contact.  In  such 
continuity  we  probably  have  the  means  through  which  the  nnttiUon 
of  tbe  muscular  fibres  is  influenced  by  that  of  their  nerves. 

Lesions  of  Kkbtes. — Secondary  DegenaraHon. — At  we  hare  seen,  a 
nerve-fibre  undergoes  tbe  structural  changes  known  as  "degeneration" 
whenever  it  is  separated  from  tbe  cell  from  vhiob  it  springs.  We 
huve  also  seen  that,  as  a  rule,  the  degeneration  is  in  ihe  direction 
of  conduction,  i.  t.  tb»  cell  from  whioh  the  nerve-fibre  oondnots  is 
that  wliii,li  (j'overus  its  nutrition,  with  tbe  exceptiou  of  tbe  sensory 
fibr<e«  in  the  periplieral  nerves.  The  degont-mtion  ii  commonly 
termed  "secondary  "  beoauaeitiad^eiideut  on  a"  primary  "  lesion  oi 


LESIONS  OP  NBBVE8.  49 

Rnotber  1:ind— as  diviaion  of  tbe  nerve.  Degeneration  also  follows 
man;  slighter  lesions  of  &  nerTe-compression,  over-exteDeion,  and  tbe 
like ;  but  it  is  not  certain  that  this  is  always  the  same  as  that  which 
fullows  a  totiil  lesion.  The  secoudarj'  degeneratioQ  is  often  called 
"  Wullenan,"  from  the  name  of  the  pathologist  who  Qrst  studied  it. 
It  is  of  grt-at  importance,  practical  and  theoretical.  The  medullarj 
sheath  breuks  up  ioto  segments,  and  these  into  smaller  and  smaller 
fr-.iglDi'nts,  and  the  minute  globules  and  granules  are  ultimately 
removed  from  the  nerie^sheath.  This  is  then  empty,  the  aiis-cylinder 
huriug  also  perished  during  the  process.  The  nature  of  this  process  of 
destruction  has  been  studied  by  Erb  and  btbers,  but  has  been  chiefly 
elucidated  by  the  researches  of  Ranvier,  and  must  be  considered  in 
some  detaiL  Eanvii^r  has  shown  th:it  it  is  not  a  mere  process  of  death 
or  decay,  but  an  activu  process,  a  destruction  of  the  nerve  as  such  by 
the  protoplasm  and  nuclei  of  the  intemodal  cells  that  constitute  it. 

The  nature  of  the  process  has  been  chiefly  stnilied  in  animals.  The 
most  important  facta  are  illustrated  in  Fig.  S3,  in  which  tbe  examples 
hare  been  selected  from  BanTier's  figures  and  reduced  to  one  tint. 
In  the  rabbit  tbe  first  changes  are  to  be  perceived  at  the  end  of 
twenty-four  hours.  The  nuclei  are  increased  in  size  (An,  Bn); 
tbe  amount  of  protoplasm  about  them  is  greater  than  normal,  and 
is  granular ;  there  is  in  places  a  local  increase  in  the  amount  of 
protoplasm  within  tbe  sheath,  ci'mpresslng  the  myelin  (A  z,  B  x, 
C  z).  The  nuclei  then  become  detached  from  the  Bheath  ;  the  proto- 
plasm everywhere  increases,  and  encroaclies  on  the  myelin,  until  here 
and  theri!  it  meets  across  the  tube,  c  tu]>letely  separating  tbe  myelin 
(A.,  lower  purt ;  B,  upper  part),  and  with  tbe  myelin  the  aiiS'Cylioder 
(D).  This  process  then  goes  on  with  increased  rapidity;  the  myelin 
is  liroken  up  into  smaller  and  smaller  fragments  (0,  E,  F)  which  are 
globular  in  the  watery  protoplasm,  just  as  oil  forms  gloliules  in  water. 
Tbe  nuclei  meanwhile  continue  to  eulai^,  and  then  divide,  first  the 
nucleolus  and  then  the  wfaole  nucli-uii  (F).  The  two  nuclei  may 
again  divide,  until  (as  in  G)  there  are  four  or  more  nuclei  in  each 
tntemode,  instead  of  one  only  as  in  health.  The  small  globules  of 
fatty  myelin  seem  to  become  changed  in  chemical  composition,  since 
thej  are  stained  less  deeply  by  osntic  acid.  Banvier  suggests  that 
their  fatty  matter  may  undergo  a  process  of  saponification.  Ultimately 
they  seem  to  pass  through  the  sheath,  are  taken  up  by  connective' 
tisane  cells  and  lymphatic  cells  in  ihe  vicinity  (as  in  J),  and  are 
gradnallj,  for  the  most  part,  removed.  By  the  time  the  myelin  is  in 
saiall  ^bules  the  nuclei  cease  to  multiply.  On  the  removal  of  the 
prodneto  oC  degeneration  the  ebeath  shrinks,  and  looks  empty  in 
places,  but  here  and  tbeiv  it  is  enlarged  by  the  nuclei,  protoplasm, 
anil  a  few  remainint^  myefin  globules  (H).  Hence  in  transverse 
ser.-tioa  many  small  sheaths  are  seen  with  a  few  of  larger  size  where 
tbey  ImvD  been  cot  Hcross  at  these  Bwellint;9. 

~u  fbf)  rabbit  the  first  changes  are  visible  at  the  end  of  twenty-four 
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hoara ;  tlie  first  complete  intermption  of  the  myelin  and  axiB-ojIinder 
occun  about  the  end  of  the  second  da.j ;  the  process  of  destructioii  is 


Fio.  83. — A-J,  DfpfnnvtIoD  of  iinve-Bbrei  (mihIo  add  and  nrnilaa 
■taininir).  A,  from  •rialie  of  nbbit  four  ilax  after  wetioD  ;  B,  C,  tat, 
flflj  hour*  aftpr  ■Ktion ;  D,  t  fibre  atHiofd  with  eftrmiae  onlv,  lo  ihow 
the  azii-ejrUiider;  t',  O.  tibrei from  jnpwnthrwdajj  after  mcUihi  ;  H,  two 
Bbrea  from  pDenmnmatrie  of  rabbit  ail  daji  after  •eeUcm  t  J,  a  Ittophatie 
cell  rroED  mterflbrillar  connective  tiaiot,  containing  ftloboloa  of  mj«Ua 
ibat  it  liaa  taken  Dp.  In  all  the  flgam  a,  a,  nuclrit  *■>,  oonitrictioaa  of 
the  mj eiin  prodnced  bj  tbe  growth  of  thr  protopiaim  j  aa,  aii*-cj Under. 

E,  L,  Rrire'ieration  of  nerre-flbrei.  E,  from  pnmaogvitrlc  of  tabMt 
•oveiity-twa  dara  after  Mctioa  ;  L.  from  aciatic  of  nbUt  ninety  daja  after 
aectionj  a,  ronndrd  anil  of  wbit«  inlwtanca  of  ernlnl  and  of  uervei  •, 
•hcatb  i  an,  iiew  aiia-cjlinder.  In  L  ire  mo  glubolea  of  mjelin  TemaiidDg 
irom  tbe  di^rnerntion  of  the  old  ftl'Te. 

Fia.  S4. — Degeiiefating-  IJbm  from  rataneon*  nenrea  of  man.  (Aflor 
I^trea  and  Viiillard.)  A,  from  near  a  bedaorc  In  a  caaa  of  fiactara  of  tli* 
■kull  i  B,  C,  U,  from  th»  Bflh  iierre  in  a  caae  or  neuralgia  and  nlcention  of 
the  lip;  ■,  a,  aucleL  In  A  the  pmtuplum  and  nuclei  ar*  intnaaed,  and 
the  mjvlin  i>  bmkin^  ap,  the  pioceiwH  hannir  pioeafded  fnrthect  iti  tba 
Deigl'bourliood  of  Ibe  nucleua  in  ihe  miiidle  cif  ibe  Abn-;  in  B  the  ifgmenta- 
liou  baa  ^one  an  to  the  formation  of  tilohuiea.  vliich  in  C  are,  for  the  nMMt 
part,  amalU  and  mant  bave  bcPD  remared,  ao  that  the  fibre  te  narrow  i 
while  ill  D  all  Iha  produi't-  of  ili'^ncnitiiin  hare  been  Muiurvd  fnim  eoV> 
aiderable  tni-ta  of  the  alieatb. 

considerablj  advanced  at  the  end  of  the  fourth  dar,  end  is  fiDishrd, 
and  the  multiplicatiou  of  the  oncUi  ceases,  towards  the  end  of  the 
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Becond  week.  In  peripheral  nerves  the  changes  seem  to  progress 
from  the  lesion  to  the  periphery,  but  within  the  central  nervous 
Rvstem  thej  are  said  to  begin  at  the  same  time  in  all  parts  of  the 
libre.  It  is  uncertain  to  what  extent  the  difference  is  real  or 
apparent,  being  simultaneous  in  the  whole  extent  of  the  separated 
fK>rtion  of  the  nerve.  They  progress  more  rapidly  at  its  peripheral 
extremity  than  elsewhere.  At  the  end  of  the  second  day,  in  the  rabbit, 
stimulation  of  the  nerve  by  electricity  no  longer  causes  muscular 
contraction.  Thus  the  disappearance  of  the  electrical  excitability 
coincides  in  time  with  the  first  complete  segmentation  of  the  myelin 
and  axis-cylinder.  This  interruption  explains  what  is  termed  the 
*'loss  of  excitability."  It  must  \)e  rememl)ered  that  the  loss  of 
continuity  is  not  the  only  cause  of  loss  of  excitability.  (See  p.  52.) 
If  the  ends  of  a  divided  nerve  are  brought  quickly  into  perfect  appo- 
sition secondary  degeneration  does  not  occur  in  animals,  and  probably 
not  in  man.*  Simple  division  appears  to  be  a  less  serious  injury 
than  the  extensive  displacement  of  myelin  in  a  contusion. 

Thus  the  process  is  the  result  of  an  active  growth  of  the  nuclei  and 
protoplasm  of  the  nerve,  i.  e.  of  the  cellular  elements  of  which  the 
nerve  is  composed.  Why  does  this  occur  P  The  determining  cause 
is  the  interruption  of  the  axis-cvlinder — its  separation  from  the  cell 
of  which  it  is  a  process.  It  follows  equally  destruction  of  the  nerve- 
oelL  Banvier  points  out  that  the  destructive  growth  of  the  proto- 
plasm, which  follows  loss  of  function  in  the  axis-cylinder,  sugi^ests 
that  normally  its  function  restrains  the  vital  energy  of  the  cell- 
elements.  But  it  is  possible  that  changes  in  the  nutrition  of  the  axis- 
cylinder  precede  the  segmentation. 

A  process  of  destructive  cell-activity  suggests  the  idea  of  inflam- 
mation. The  degeneration  may  be  regarded  as  a  process  of  parenchy- 
matous inflammation.  Several  observers  have  described  other  indica- 
tions of  inflammation  outside  the  fibres,  especially  increase  of  nuclei, 
and  accumulation  of  leucocytes  in  the  interstitial  connective  tissue, 
and  even  in  the  nerve-sheath,  and  also  dilatation  of  the  blood-vessels. 
Such  changes  are  intense  at  the  primary  lesion.  Their  degree  in  the 
nerve  lielow  the  lesion  is  very  variable,  and  seems  to  bo  proportioned 
to  that  in  the  primary  process.  This  is  another  mode  of  stating  the 
important  fact  that  the  irritative  character  of  the  secondary  process  is 
determined  by  the  irritative  nature  of  the  primary  disease. 

The  process  of  secondary  degeneration  occurs  more  slowly  in  the 
rabbit  than  in  a  bird,  and  seems  to  be  still  slower  in  man,  in  whom 
it  is  probable  that  complete  segmentation  does  not  occur  until  between 
the  fourth  and  eighth  days.  It  is  certain  that  an  identical  process 
occurs  in  man.  Changes  in  peripheral  nerves  near  bedsores  and  in 
the  fifth  nerve,  found  by  Pitres  and  Yaillard,  are  shown  in  Fig.  34,  a 
comparison  of  which  with  Fig.  38  will  show  the  identity  of  the  process. 
It  is  highly  probable  that  after  complete  division  of  a  nerve  in  man  the 
*  See  Bowlbj,  '  Injuries  and  Diseages  of  Nervee,'  p.  32. 
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chaages  are  fcbe  same  as  in  animals.  But  the  most  commoD  lesion  in 
man  is  neuritis,  and  in  this  the  process  of  degeneration  is  probably 
greatly  modified  by  the  severity  of  the  primary  lesion  ;  in  some  cases 
it  occurs  rapidly,  in  others  very  slowly.  In  the  hitter  cases,  which 
are  chiefly  those  of  focal  neuritis,  the  process  cannot  be  the  same  as 
thut  which  follows  division  of  a  nerye.  The  change  in  irritability, 
which  will  be  more  fully  described  in  the  account  of  the  symptoms, 
is  a  slow  depression,  souietinies  moderate  in  degree.  The  depression 
may  be  preceded  by  an  increase  in  irritability.  In  such  cases  there 
can  be  no  complete  segmentation  of  the  nerve-fibres.  There  must  be 
a  gradual  alteration  in  the  molecular  nutrition  of  the  axis-cylinder, 
changing  its  excitability.  Even  in  severe  cases  there  is  not  usually  a 
sudden  loss  of  irritability ;  the  current  necessary  for  stimulation  has 
to  be  made  stronger,  until  at  last  in  seven  or  eight  days  the  strongest 
endurable  current  fails  to  cause  muscular  contraction.  But  we 
cannot  infer,  from  this  alone,  that  there  is  an  actual  interruption  of 
the  axis-cylinder.  A  stronger  current  might  still  excite  the  nerve, 
because,  as  we  shall  presently  see,  when  a  nerve  is  being  regenerated, 
an  axis-cylinder  may  conduct,  and  still  not  be  excitable  by  currents  of 
ordinary  strength. 

All  severe  changes  in  the  nutrition  of  the  fibres  involve  the  intra- 
muscular  nerve-endings  in  the  same  degree.  The  evidence  of  this  is 
that  the  faradic  irritability  of  the  muscles  (which  depends  on  the 
nerves  within  them)  presents  changes  quite  similar  to  that  of  the 
nerve-trunk.  But  this  is  not  always  true  in  slight  changes  of  nutrition 
of  the  nerve.  Wo  shall  presently  see  that  the  slight  alterations  of 
irritjibility  in  the  nerve  and  muscle  do  not  always  correspond.  The 
nerves  terminate  in  structures  of  8pe(;ial  nature,  and  these  may  well 
have  some  slight  degree  of  nutritioual  independence. 

Regeneration  may  occur  in  tbe  nerve  after  the  degeneration  is  over. 
It  is  a  slow  process,  occupying  the  second,  third,  and  fourth  month 
after  division.  According:  to  Ranvier,  it  oecurs  always  by  the  growth 
of  new  axis-cylinders  from  the  central  end  of  the  nerve  (see  Pig.  33, 
K  and  L),  which  ultimately  become  covered  with  myelin.  One  or  more 
new  fibres  may  spring  from  each  central  fibre,  and  these  may  subdivide. 
All  are  enclosed  in  a  sheath  which  is  continuous  with  that  of  the 
central  end  (Fig.  33,  K,  «.).  We  must  assume  that  only  some  of 
these  axis-cylinders  persist  and  achieve  functional  permanence.  Some- 
tim*-8  these  fibres  twist  about,  and  even  turn  back  and  grow  upwards, 
probably  in  the  direction  of  least  resistance.  In  animals,  new  fibres 
may  grow  throujjh  a  considerable  extent  of  cicatricial  tissue  between 
the  divided  ends  of  a  nerve,  but  in  man  it  is  doubtful  whether  regene- 
ration of  a  divided  nerve  occurs  unless  the  extremities  are  brought  in 
contjvit,  or  at  least  close  proximity.  Some  investigators  believe  that 
there  is  a  formation  of  fibres  in  the  peripheral  extremity  iudepend- 
en:ly  of  the  iirowth  of  new  fibres  from  the  central  end.*     In  cases 

*  £,Sf»  ^y  Notiuiaiui,  Majrer,  Ae.     A  full  ab.- tract  of  their  olMetrations  it  givto 
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of  slight  injury,  regeaeration  occurs  more  readilj;  in  tbese  it  is 
probable,  as  we  have  just  seen,  that  degeneration  has  been  incom- 
plete. The  regenerated  nerve-fibres  regain  some  conducting  power 
while  they  are  still  much  narrower  than  normal,  and  before  thej  can 
be  excited  bj  electricity. 

MuMcUs. — The  degeneration  of  the  motor  nerves  is  attended  by 
changes  in  the  nutrition  of  the  muscles.  These  commence  in  or  after 
the  second  week.  The  muscular  fibres  become  narrower,  and  may  be 
reduced,  ultimately,  to  one-third  of  their  former  width.  An  increase  in 
width  has  been  said  to  precede  the  narro¥riiig  for  a  few  days.*  The 
transverse  striation  becomes  less  distinct,  and  the  strisB  seem  to  be  nearer 
together  than  in  heivlth.  The  fi.bres  may  become  cloudy  or  granular, 
but  do  not  present  actual  fatty  degeneration  except  in  some  very  acute 
cases.  If  no  regeneration  of  the  nerve  takes  plaoe,  the  transverse 
SI  nation  gradually  disappears,  and  may  be  replaced  by  a  longitudinal 
striation,  or  the  fibres  may  undergo  certain  chemical  changes,  and  pre- 
sent a  peculiar  glassy  appearance,  which  has  been  called  "  vitreous 
degeneration."  During  the  progress  of  the  changes  in  the  fibres,  the 
nuclei  of  the  sarcolemma  and  of  the  interstitial  tissue  are  increased  in 
number,  and  cellular  elements,  either  newly  formed,  or  migrated  from 
the  vessels,  develop  into  fibres,  so  that  ultimately  the  muscular  fibres 
are  separated  by  considerable  tracts  of  connective  tissue,  and  a  btate  of 
cirrhosis  results.  If  regeneration  of  the  nerve  occurs,  the  muscular 
changes  are  arrested,  and  the  normal  condition  of  the  fibi*es  is  slowly 
restored.  The  amount  of  connective  tissue  in  the  muscle  id  often 
permanently  increased,  but  the  fibres  are  narrowed  out  of  proportion 
to  the  increase  in  the  connective  tissue,  and  this  undergoes  contrac- 
tion so  that  the  muscle  is  for  a  long  time  smaller  than  normal,  and  its 
natural  bulk  may  never  be  regained.  If  no  regeneration  of  the  nerve 
occurs,  the  muscular  fibres  gradually  disappear ;  fibrous  tissue  takes 
their  place,  and,  slowly  contracting,  permanent  shortening  may  result. 
Similar  shortening  sometimes  occurs  when  there  is  partial  recovery  of 
the  nerve  and  muscle.  In  most  lesions  of  nerves,  other  than  actual 
division,  some  fibres  recover,  even  tbough  others  are  permanently 

by  Bowlbj  (loc.  cit.),  nnd  also  by  Allon  Starr  in  the  Middleton  Goldsmith  Lectures 
for  1887  (*  New  York  Med.  Record,'  February,  1887).  By  some  the  new  axis- 
cylinders  are  said  to  be  formed  by  elongation  of  the  fragments  of  the  old  axis; 
by  others  from  the  nadei  of  the  sheath  of  Schwann,  and  appesrances  have  been 
se^n  by  Bowlby  (loc.  cit.)  in  man  which  aeemed  to  him  to  bear  this  interpreta- 
tion.  But  Rauvier's  careful  investigations  have  been  fully  confirmed  by  the 
minute  researches  of  Vanlair  ('Arch,  de  Biologic/  1885),  and  it  is  difficult  to 
understand  that  perfect  axis-cylinders  should  be  formed  and  remain  unexcitable, 
as  the  peripheral  segment  certainly  does.  Structures  may  be  formed  resembling 
Mxis-cylinders  that  are  not  really  capable  of  the  proper  function.  The  weigrht  of 
Banvier's  andisproved  and  confirmed  observations  is  verv  great.  It  is  possible 
that  the  process,  in  the  peripheral  part  uf  a  nerve,  is  influenced  by  the  connec- 
tion with  other  nerves  and  the  recurrent  inflnence  of  anastomosing  fibres. 
•  Steinert,  *  Verh.  Phys.  Qes.  Wurzburg/  iSziH,  No.  10. 
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destroyed.  The  muscular  degeneration  is  the  result  of  that  of  the 
motor  QerTes,  aa  described  at  p.  22. 

Stuptous  or  Nebve-ihjubt  and  Dbseitkbatiov. — The  symptoms 

that  attend  the  lesions  of  motor  nerves  and  the  consequent  degene- 
ration are  of  great  importance.  The  lesion  of  the  nerve  causes 
parnlysis  of  the  muscles  supplied  bj  it,  due  to,  and  in  propor- 
tion to,  the  interference  with  the  conducting  power  of  the  neire. 
The  muscles  at  once  become  flabby  froo)  loss  of  tone,  and  to  this 
atonj  actual  wasting  is  added  in  tbe  course  of  a  few  weeks.  The 
wasting  is  due  to  tlie  reduction  in  size  of  the  inusi-uUr  fibres.  If  the 
sensory  nerve-fibres  are  not  interrupted,  the  muscles  become  tender  tji 
the  touch,  and  pain  it  caused  by  their  stioog '  on ti  action,  due  probably 
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FlO.  35. — Type  of  dr^nerntiva  renction  In  a  ow  of  nerre-lnjurj  of  mods- 
rate  teytr'tj.  (After  Krb.)  Musi-lr;  irritability  luiTEred  Iroin  middls  of 
Srat  wevk  i  fsriidic,  eitiiict  in  middle  of  third,  reappenring  in  nintlij 
Toltilc,  iiioreu^  from  miildle  of  lecnnd  vrrck  until  t«<ith,  tliin  de- 
rent*)  ii  lowere-i  from  iniilrjle  of  firaC  week,  loit  *t  and  of  aecood, 
re«p(ioarlng  kt  leveiitli.      Power  loit  until  end  of  fifth  wrelc. 

In  thii  nnd  tlie  lohowiiifr  flgurea  the  normil  defiree  of  irritnliilit;  {uof 
tained  from  tlia  hr&lthjr  liile)  U  reprviented  by  tb«  6naly  dotted 
horiiontal  linr  (».J.)  i  rnradio  irritability,  F,  by  a  Una  of  larger  doU; 
voltaic  irritHbilitj,  V,  by  a  broken  linaj  M,  tDOtclei  K,  nervr  j  f, 
poHer  of  TolutitHrj  eon  traction,  lt«  dF^rae  ahown  l>y  the  vartlral  liDM ; 
the  aaicriak  m"rk«  the  occurrence  of  the  Ipmoii.  The  vartiul  divitl  na 
rpprviaat  time  inti-rTxIa.  (Many  of  thei«  iudicatlug  letl era  ars  given  only 
ill  aabtequent  Hgurei.) 

to  the  effoct  of  interstitial  inftann nation  on  the  sensory  nerves,  which 
end  in  the  connectiv<;  tissue. 

The  most  im|"irtiint  symptoms  are  those  that  are  afforded  by  elec- 
trical elimination  of  the  muscles  and  norves,  since  tbey  enable  the 
degenerative  cliangea  to  1)6  ascertained  and  followed  during  life.  The 
alterations  in  the  ele<trical  reaction,  consequent  on  this  degeneration, 
have  been  alrcadv  briefly  mentioned  (p.  24),  but  must  now  be  described 
in  greater  detail.  The  rapid  degeneration  of  a  nerve,  which  follows  a 
severe  lesiuu,  is  attcndeil  Ly  a  loss  of  irritability  on  electrical  stimu- 
lation, tlie  loss  beiuLf  ihn  same  to  farailiam  and  voltaism.  After  sucb 
lesions  as  are  common  in  man,  ueuritis  for  instance,  there  is  no  sudden 
loss,  such  as  occurs  after  injury  of  a  nerve  in  an  animal,  when  tbe 
nerve  becomes  so„'meuted,  but  tbeie  is  a  more  or  loss  rapid  diminution 
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of  excitabilitj,  and  this  goes  on  until  no  stimulation  can  be  produced, 
even  bj  a  strong  current.  The  progressive  changes  in  irritability  may 
be  conveniently  represented  on  a  chart.  Fig.  85  shows  tbe  typical 
course  of  the  changes  of  irritability  in  a  case  of  moderate  severity.  In 
the  muscle  (M)  a  fall  of  irritability  (due  to  the  degeneration  in  tbe 
terve-endings)  occurs  simultaneously  with  that  in  the  nerve- trunk  (N), 
and  the  faradic  excitability  becomes  extinct  at  tbe  siime  time  in  both 
nerve  and  muscle.  The  fall  in  voltaic  irritability  is  quickly  arrested 
by  the  change  in  the  muscular  fibres,  through  which  tbey  soon  become 
more  excitable  than  normal  to  the  voltaic  current.  This  change  usually 
occurs  during  the  second  week,  and  tbe  irritability  continues  to  increase 
during  the  third  and  fourth  weeks.  At  its  maximum  it  may  amount 
to  three,  four,  or  five  cells  of  tbe  battery  i  e,  contraction  can  be 
obtained  in  the  paralysed  muscles  with  a  current  weaker,  by  so  many 
cells,  than  is  necessary  to  cause  contraction  in  a  corresponding  un- 
affected part.  The  further  course  of  the  changes  in  irritability  depends 
on  the  severity  of  the  lesion  and  the  intensity  of  the  degeneration.  In 
a  case  of  moderate  degree,  such  as  is  shown  on  the  chart,  nerve  irrita- 
bility reappears  about  the  end  of  the  second  month,  usually  after  some 
voluntary  power  is  regained.  It  is  at  first  low,  so  that  a  strong  current 
is  required«  It  gradually  increases,  but  for  a  long  time  continues  a 
little  below  the  normal  degree.  This  return  of  nerve  irritability  is 
accompanied  by  a  corresponding  return  of  faradic  irritability  in  the 
muscles  (t.  e,  in  the  intra-muscular  nerves).  The  increase  of  voltaic 
irritability  often  persists  long  after  recovery  of  power,  but  it  lessens 
as  faradic  irritability  returns,  and,  as  sbown  in  the  chart,  it  may 
fall  below  the  normal  before  it  ultimately  regains  its  original  degree. 

Slight  changes  in  irritability  can  be  ascertained  only  by  a  comparison 
with  the  corresponding  part  on  the  other  side  in  the  same  individual. 
Moreover,  when  we  speak  of  excitability  being  "  lost,"  we  mean  tbat 
we  can  obtain  no  stimulation  by  any  strength  of  current  that  can  be 
borne.  This  strength  varies  in  different  persons  and  in  different  parts. 
The  more  sensitive  the  part,  the  earlier  irritability  seems  to  be  lost, 
and  the  later  it  seems  to  return ;  and  the  greater  tbe  resistance  of  the 
skin,  tbe  stronger  must  be  tbe  strength  of  current.*  In  many  cases, 
if  we  could  use  very  strong  currents,  the  irritability  would  be  found 
to  be  merely  much  lowered,  although  it  seems  to  be  extinct  when  we 
can  only  test  it  with  currents  of  moderate  strength. 

If  the  lesion  is  very  severe,  so  that  there  is  no  recovery,  and  no 
regeneration  of  the  nerve,  the  loss  of  nerve  irritability,  and  of  the 
faradic  muscular  irritability,  is  permanent.  Tbe  increase  in  voltaic 
irritability  persists  for  months,  and  then  gradually  falls  as  the 
muscular  fibres  waste,  and  becomes  lower  and  lower  (see  Fig.  86) 

*  Hence  tbe  importance  of  imcertaining  what  carrent  is  actually  passing  by  the 
«se  of  a  galvanometer,  which  may  be  thas  used  when  the  comparison  with  the  other 
ndt  is  made  by  a  number  of  cells,  to  spare  the  patient  the  longer  and  more  puinfu) 
proeeat  which  the  more  exact  compMriaon  by  absolute  current  strength  iuvolvet. 
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Fio.  !t6. — T<rpeof  rawtion  in  >  Mwof  eomplateand  pennaiwnt  dkmaga  to 
a  nerre.  <Atter  Erb.)  KarljootirM  u  in  thalMt  diignu  i  no  Mtarttof 
power,  nerv*  IrriUbilltj,  i>r  fandlo  irriUbilit;  in  the  wikU.  ^w  Miijr 
increus  in  voluio  irriubilit;  gndtullf  leucn*,  and  at  tbs  vnd  of  tan 
month*  Nlli  IkIow  tha  sormal.liDt  ii  notaitinet  uDtil  nearly  t<ra  tmt*. 

tmtil  ultimate!}' no  reaction  can  be  obtained,  the  fibrea  hATing  periihed. 
It  dops  not  become  extinct  until  at  least  a  year  haa  elapwd,  aad  aome- 
timtiH  (as  in  the  chart)  oulj  towards  the  end  of  the  tecond  jear. 
Often,  when  no  contriLvtion  can  be  produced  on  tbe  firit  attempt,  after 
two  or  three  applications,  distinct  contractions  are  obtained. 

The  cfaangcB  we  have  hitherto  considered  are  in  tbe  degree  of  irrito- 
bihtv,  "  quantitative  "  changes.  But  the  quantitative  increase  in  the 
muscular  irritability  is  often  accouii>anied  by  a  change  in  the  order  "f 
response,  according  to  the  pole  that  is  applied  and  the  strength  of 
current — a  "  qualitative  "  or  "  ])olar  "  change.  We  have  already  con* 
aidered  its  general  characterM  (p.  24),  and  have  seen  that  it  coniists 
in  an  undue  readiness  of  response  at  the  positive  pole  f  Anode)  com- 
pared with  that  at  the  negative  pule  (Kathode)  (Fi^^.  37,  B  and  C), 
the  muscle  being  normally  the  more  seusitiveto  the  latter  (Fig.  S7,  A). 
Writing  CI.  for  the  closure  of  tbe  circuit,  0.  for  its  opening,  and  G, 
for  contraction,  the  normal  reaction  is — 

,  fAii.Cl.Ci 

'■  X  An.O.C. ; 
In  distsase — 

1.   JAn^cfc  -  ^-  A»<*C  ;  3.  K.OC.:  or  even 
I.  An.Cl.C. ;  2.  K.C1.C.;  3.  K.OC;  4.  Au.O  C. 

This  qualitative  vhnnge  is  not  always  present,  at  any  rate  in  reco;;* 
nisable  degree.  Even  when  there  is  a  marked  quantitative  change.  i  be 
kathodal  closure  contnu-tion  nia.y  still  occur  first.  When  the  change 
is  present,  it  is  only  in  the  mnst-les,  and  it  must  depend  on  the 
muscular  fibr»s  themselves.  In  tbe  motor  uerve  the  katbodiil  reaj-rinse 
IB  always  the  ttat,  although  a  qualitative  cbange  has  been  detected  in 
degeucraled  sensory  ni-rvea. 

Tilt'  muscular  contractii^ns  wliich  occur  thus  with  undue  readiness 
differ  from  normal  contractions,  cxcittvl  through  the.  nerves,  in  their 
distinctly  deliberate  ch;iractor.  Instead  of  tho  quick,  ligbtning-libe 
contraction,  tbe  mciveraeut  is  distinctly  longer  in  reaching  its  moximnm 
and  longer  in  its  duration.  Tbis  difference  is  very  well  shown  in  the 
accompanying  tracings  of  contraction  (Fig.  37).    Sometimes  a  slight 


1.  K.ClO.i 


■  S.  K.O.C. 


Pnt.  S7. — Trmrin^  of  tha  miucolar  eantrKcUanm  io  Derte-drgcneraUoo.  (After 
Brtt.)  Km,  Kaihndml  cloaor*  eontrmction ;  An,  Anodkl  cloiare  ooatnction. 
A.  tracing  in  baalthj  £ii  mncb  ■tmnff  r  than  ^»  t  contract! rma  niddan.  R, 
tncing  ID  iiar««-d«|riDeTmtioii  with  moderabi  CDTTcnt.  Am  mnoh  gmater  than 
fa,  the  Utt«T  •cartel;  Tiiible.  Contnetion  alowir,  ihown  bv  the  mnre 
alnping  aprntroke,  C.  the  immt,  with  >  itrnn^r  anrnnt.  ICa  gremtn,  bat 
atill  !•«  Uiin  A»i  tha  alow  character  of  the  contraction  andjta  Iodj;  diintioa 
well  mirked. 

abnonnal  tetanic  contraction  during  the  passage  of  the  curreiit  also 
occurs.  l>QriiiR  thp  period  of  increased  voltaic  irritability  the 
mechanical  excitiibiUty  of  the  fibres  is  often  increased.  If  the;  ara 
directlj  percussed,  they  respond  witb  a  distinct  slow  contraction  (Erb). 
Sncb  are  the  chanf^s  in  irritability  which  occur  in  cases  of  serre- 
lesion  and  degeni^ration  of  moderate  and  considerable  degrees  of 
severity.  Certain  Tariations  are  occasioDally  met  with,  and  these 
occnr  especially  in  cases  of  neuritis  oT  slight  degree.  In  severe  cases 
the  fall  iu  nerve  irritability,  wbicb  usually  commences  in  the  middle 
of  the  first  week,  may  not  take  place  until  the  end  of  this  week, 
although  it  may  then  progress  so  rapidly  that  no  siimulatiou  can  be 
obtained  at  the  end  of  the  second  week.  An  example  of  this  is  shown  in 
Fig.  38*  The  same  chart,  and  some  of  those  that  follow  it,  illuatrate 
another  very  common  variation  from  the  type  itbove  described.  There 
may  be  no  fall  in  the  voUaic  excitability  of  the  muscles  before  the 
commencement  of  the  degenerative  increase.  Indeed,  this  initial 
fall  is  as  often  absent  as  preBent.t     The  change  in  the  nutrition  of 

■  Tlila  and  the  follooing  obarli  Sre  from  miH  of  neuritii  of  tlie  fnrinl  nerre. 

t  The  fall  Matmt  to  lUgeeit  tliat  tb«  voltaic  irritability  of  tha  mawulmr  fibres  i« 
Bormilly  bslow  that  of  tha  nerve- endings,  and  thii  U  intriaiicallr  probable.  Tha 
prewnoa  or  abtenoa  of  the  fall  maj  depend  on  tha  npidit;  tritb  which  the  nerve- 
•ndlnge  dogenerate.  Soma  facta,  moreover,  thit  have  rome  nnder  tn.v  notiea, 
■ngirsrt  that  the  motor  nerve -mid  ingi  pocKU  eonia  notritianal  difference  from  the 
||bn%  In  can*M|nenc«  of  whirh  the  relative  condition  of  the  two,  eipecialiy  as 
t^wda  sxcilaUUtj,  vaiiea  iu  diflerant  caaee,  eapei'ialljr  in  tlw  carljr  itaga. 
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the  muscle  maj  then  coincide  with,  instead  of  succeeding,  the  degeoe- 
ration  of  the  nerve-end Jngs  (Figa.  33,  40),  Sometimei^  if  the  degeue- 
ra.tioa  is  rapid,  there  is  an  interval  of  &  few  days  before  the  secondary 
changes  in  the  muscle  have  reached  the  degree  necessarj  to  produce 
increased  irritability.  In  a  slight  degree  of  degeneration,  the 
increase  in  the  Toltai  cirri  lability  of  tie  muaelea  may  be  postponed 
for  a  week  or  more  after  the  nerre  irritability  begins  to  fall,  and  until 
Fia.  38.  I'lu.  ;.tl. 
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Fio.  Sfl. — SpTBre  nearitU,  panlyili  romp'ate  for  monilni  irpovory  Impn- 
ftct.  IrritnbiliC.v  of  nerve  normal  dnrin^  tint  week;  fell  npidly  riuriiiK  tha 
*MMnd;  ImC  at  its  cloM.  SimulCiinmua  luerraae  in  Toltkic  irritability.  The 
dlviaioni  on  the  left  sltle  reprnent  celli  of  the  Toltaio  batter.*,  and  halt- 
centimetre*  of  the  iccoDdary  coil  of  StOhrer'a  Induction  appuntni.  In  tiib  mod 
tlie  follnwing  charts , 

Fio.  8y. — Slight  nenritii  j  alight  leturn  of  power  on  ■erenth  day,  alowlj  in- 
erPMia([:  normal  in  flith  week,  Mutctet  rnradio  irritubilitv  loMenint;  from 
fourth  da<r,  lout  on  flfTe<->ilh,  reap)>eHrii>g  on  twentUtli.  VoltHic  trritabiiitj 
nonnul  till  twelfth  day,  than  Ha^mcnti-d.  Nerve-trunk  t  lowered  fnim  fonnb 
<iay  without  initial  iiicreaie,  r«|)|ieiiring  OD  twenty-third  day  g  changed  alike 
to  faradiiin  and  voltniam. 

the  rise  occurs  the  voltaic  irritability  of  tbe  muscles  may  remain 
normal,  even  uhen  tlieir  faradic  irritability  falls  with  that  of  the 
nervc-truuk.    An  inetauce  of  this  ia  shown  in  Fig.  S9. 

When  tlie  nerTe-leslon  is  very 
slight  in  degree,  the  fall  in  nerve 
imtubility  may  be  preceded  by 
a  rise,  which  may  be  far  greater 
in  degree  tban  the  subsequent 
fall.  Tbe  fall  may  indeed  be  not 
only  slight,  it  may  be  altogether 
absent,  so  tbat  the  rise  coiisti- 
tutes  the  only  symptom.  This 
FiO.lO.— Slinhtneuritlai  powernotenUrely   initial  increase  in  irritability  is 

loprd  daring  aocond  werk,  and  cnnttnuei)  m an i  Testation  of  tbe  slightest 
till  wventh.    Kervo  irrfiabilitv  incre««d  degree  of  alteration  iu  the  nutri- 

durm(t  lecond  wi-ek,  pxuing  duri»«  the    ...  ul         •        r. 

Wiiril  into  tnmiient  depiosio...  the  vol-  *'""  <>'  nerve-fibres*  It  may 
MioirriUlilitjfulliueiuoietliuiitliefttM-  Uet  for  a  few  divjB  or  for  two 
^'^  wetks    (Fin.   *0).    and  I    hare 

once  known  it  to  continue  for  five  weeks  (Fig.  41).     Although  the 

■  A  ■imilur  change  ia  met  with  in  aoine  central  diieiuiei,  a<  chorea  and  paraljaii 
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Pis.  41. — Slight  nenrltti;  qatek  nooveiyorpowerdnrtnittliird  indfonrtli 
wtelu.  DrKen.  react,  in  mnicln  prrHiiC  >t  the  end  of  the  MCODd  ireek, 
■loirlj  lapieninf^,  but  pmeot  in  iliftht  dsgrHs  until  tlie  fonrUi  Diontb. 
Coiui<iei«bI«  inervmae  In  Irritehilitv  in  tha  nerre-lmnk  ftt  the  rnd  of  the 
•ecnnd  week,  gnrnteat  to  the  Cu«dic  ihock  (crocwi)  and  laitioK  ontil  tbe 
flrth  week. 

ehangs  in  irritability  ot  the  nerve  is  usually  tbe  Bome  to  both  cur- 
rents, a  partial  exception  to  tbis  rule  is  presented  bj  the  iuorease 
in  irritability  we  are  now  conBidering  The  change  is  not  always 
qaite  eqnat  to  farodism  and  to  ToltaiBm,  and  it  is  frequently  much 
more  marked  to  the  isolated  faradio  shocks  than  it  ia  to  either  the 
Toltaic  current  or  the  rapid  succession  of  shocks  that  constitutes  the 
fiuatlio  current.  This  is  shown  very  strikingly  in  Fig.  41,  and  in  less 
degree  in  Fig.  13.  In  tbe  former  the  irritability  to  tbe  two  currents 
was  the  same  ;  in  the  latter  that  to  voltaism  nas  distinctly  the  greater. 
I  hare  once  met  with  a  slight  bat  distinct  and  prolonged  diminution 
in  furadic  irritability  when  no  change  could  be  found  to  Toltaiem  (see 
Fig.  4&).     Bernhardt  has  observed  lessened  irritability  to  faradism 

Fia.  42.  fiQ.  43. 
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Fis.  43.— Slight  nenriUi;  power  rejpiincd  darin);  the  •erond  «rek. 
net;,  ntet.  in  innacle  distinct  on  eiglich  daj,  leuening  durinit  lecoDd 
and  third  weeks.     Nerre  i  lowered  fiiradid,  normal  Toltkic  iiritahility. 

Fie.43.— Vcryiliglitnanricit.  Ifo  chanze  inmaicnlarirriiabiUty  ;  Irri-. 
tabilitj  of  nerre-tmnk  increiaed  from  foarth  t«  f  ighth  dBy,  moat  to  fundie 
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with  distinct  increase  to  voltaism  in  an  ulnar  nerve  the  seat  of 
traumatic  piralrsis.  In  one  singular  case  of  double  facial  palsy,  with 
weakness  of  the  limbs,  and  cbatiges  in  their  muscular  irritability. 
tbe  Toltaic  excitability  of  the  facial  nerves  was  not  lessened,  although 
bmdic  irritabihty  was  lost  to  such  a  current  as  could  he  borne.  The 
case  was  probably  one  of  n on  alcoholic  peripheral  neuritis.* 

•  ne  (AaamUont  were  nude  with  gient  care  and  with  full  knowlcd^  of  ■ 
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MoreoTer,  the  law  tbat  the  faradic  irritabilitj  is  changed  in  the 
•ame  d^ree  in  the  muscles  (nerve-endings),  and  in  the  nerTe-trunk, 
is  also  not  always  true  of  slight  cases.  The  muscle- uenres  maj 
pi^sent  no  change  when  the  excitability  of  the  nerve-trunk  is  consi- 
derably increased  (Fig.  43).  The  probable  significance  of  this  differ- 
ence has  been  already  mentioned  (pp.  52  and  57,  note). 

The  electrical  excitability  of  a  ner?e  aud  its  power  of  conduc- 
tiou  are  usually  lost  together.  But  when  a  nenre  is  recovering 
from  a  local  lesion,  and  regeneration  is  in  progress  below  the  lesion, 
some  power  of  conducting  the  voluntary  stimulus  may  return  in 
the  peripheral  portion  before  it  becomes  excitable  by  any  form  of 
eleclricitT.  This  seems  to  show  that  the  nerve-fibres  can  con- 
duct,  that  is,  pass  on  the  nerve-force  they  receive  as  such,  before 
they  can  produce  nerve-energy  in  response  to  the  influence  of  a 
**  stimulating  '*  force  acting  on  them.  Another  rare  anomalous  con- 
dition has  been  noted  by  Bernhardt  and  Grunberg,  in  recent  cases  of 
nerre^injury.  When  the  lesion  arrests  all  conduction  of  the  voluntary 
stimulus  a  stnmg  faradic  stimulation  of  the  nerve  above  the  lesion 
may  still  cause  slight  contraction  in  the  piralysed  muscles.  It  is 
probable  that  this  difference  is  simply  one  of  stn^ngth  of  stimulus,  and 
tbat  the  nerve  impulse  generated  by  the  electricity  is  stronger  than 
tlut  defending  fn>m  the  br«un. 

RecovexT  of  the  uenre  is  attended  by  gmdual  restoration  of  power 
over  the  muscles,  the  nutrition  of  which  slowly  improves;  but  if  the 
wasting  has  been  considerable,  a  long  time  elapses  before  they  regain 
their  normal  sixe.  Indeed,  as  alre^idv  stated,  thev  mav  be  alwavs 
ai^mewhat  smaller  th^in  the  corresponding  muscles  on  the  unaffected 
siie.  Curiv^us  8e<>>udarT  spas  mo  lie  symptoms  are  common  after  palsy 
of  the  faoial  nerve  (q.  v.) — sp^^ntaneous  muscular  contractions,  and 
assi^ciAted  over-action  of  the  affected  muscles.  This  associated  over- 
action  is  Terr  rarely  met  w:ib  after  palsy  of  the  nerves  of  the  limbs, 
but  c\>ar$e^  fibrillary,  muscuiar  ci^n tractions,  and  a  tendency  to  cramp, 
are  not  uncommon*  ani  may  p^r^ist  for  years.     <See  also  Neuritis.) 

^^^^^(trv  f%m.4<ims  also  ressuh  from  lesions  of  the  nerves  that  contain 
•enit  TV  fii  reis.  The  intcmi:ti>n  of  the  fibres  arrests  conduction,  and 
cau<<«  liVss  of  sensy^tion  in  the  pan  supplied  by  the  nerve,  just  as  it 
cftii$»t«  mo: or  pjJsy.  But  a  slight  lesion  of  a  mixed  nerve  may  cause 
persisu^::  uii:s4.*jljir  paralysis,  and  sessation  be  unaffected,  or  im. 
jvaii^i  I  n\v  :r,  s  Kbt  di-ciee,  aa-i  for  a  sb«rt  time.  This  result  is 
«*!>  :rt>qat::t  tba:  vre  cai.no:  Ascribe  it  to  a  d  ffereace  in  the  relative 
o  .ir.^ce  :o  zho  m  ;ot  and  stecsory  ib-^e^  I:  mu>t  tie  due  either  to  the 
i&'i  :bA:  :".  e  >»er.<i>ry  ilv^es  rvcx^ver  tsiv^rv  r«ad.iy,  or  that  a  slight  degree 
o!  ^^n  '.v.::::.^^i  Tiiay  sv.SvV  for  the  si  u,c'a:.on  of  the  senfory  centres  in 
it'-  Iri^i:^  asi  col  fo-  tba:  of  ihe  nius^rnlar  fi'trei.  There  is  also  a 
il.iri  bvTOi^es  s,  ar.i  ir*t  is  a  diffejvsce  in  tie  »eii»orv  and  motor 
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iinpalses  in  physiological  character.*  In  another  class  of  cases, 
however,  we  must  seek  a  different  explanation  of  the  persistcDce 
of  sensibility  in  the  area  supplied  by  the  nerve.  There  may  be  no  loss 
even  when  a  nerve  is  completely  divided.  This  is  observed  chiefly  near 
the  extremity  of  a  limb.  It  can  only  be  explained  by  what  is  termed 
"recurrent  sensibility."  Anastomoses  exist  between  the  terminal  fibres 
of  different  nerve- trunks,  and  it  would  seem  that,  in  some  individuals, 
the  connection  of  sensory  fibres  suffices  for  conduction.  Thus,  of 
two  persons  in  whom  the  ulnar  nerve  at  the  wrist  has  been  divided,  one 
may  have  totiil  ausssthf  sia  in  the  fingers  supplied  by  tho  nerve,  and  in 
the  other  there  may  be  little  or  no  loss. 

The  peripheral  segments  of  the  sensory  fibres  degenerate,  like  the 
motor  nerves.  We  cannot  test  them,  and  ascertain  the  degeneration 
in  the  same  way,  in  severe  lesions,  because  their  stimulation  cannot  be 
perceived.  Nevertheless  an  altered  polar  reaction  has  been  observed 
in  slight  cases,  analogous  to  that  which  occurs  in  the  muscles.  A 
sensation  is  produced  with  the  positive  pole  by  a  weaker  current  than 
is  required  with  the  negative  pole.  In  some  cases  of  nerve-injury 
and  neuritis  a  delay  in  conduction  of  pain  may  be  observed. 

Increased  sensitiveness  in  the  area  of  distribution  of  the  nerve, 
with  or  without  spontaneous  pain,  is  very  common  in  cases  of  partial 
lesions  of  nerves.  It  must  be  referred  to  the  morbid  changes  in  their 
fibres,  alterations  in  the  nutrition  of  the  axis-cylinder  or  nerve-endings, 
probably  analogous  to  the  slight  changes  in  the  motor  nerves  which 
increase  their  excitability.  Pain  and  tenderness  of  the  nerve-trunk 
are  also  frequent  in  the  same  cases,  due  no  doubt  to  the  increased 
sensitiveness  of  the  "nervi  nervorum"  distributed  in  the  sheath.  The 
sheath  of  each  nerve  is  part  of  the  distiibution  of  its  own  fibres,  and 
those  that  end  in  the  sheath  seem  to  be  very  readily  deranged.  We 
shall  see  the  importance  of  this  consideration  in  relation  to  neuritis 
and  neuralgia.  The  pains,  both  local  and  distant,  are  sometimes 
very  severe  and  persistent. 

Reflex  Action, — All  lesions  of  nerves  abolish  reflex  action  in  the  area 
of  the  distribution  of  the  nerve  affected.  Myotatic  irritability  is  also 
lost,  from  damage  to  either  the  motor  or  sensory  fibres  concerned,  and 
this  loss  may  persist  long  after  the  other  symptoms. 

VoMO-moior  and  trophic  disturbance  occurs  frequently  in  consequonce 
of  lesions  of  nerves.  The  vaso-motor  nerves  run  in  the  mixed  nerve- 
trunks,  and  suffer  with  the  other  fibres.  The  general  character  of  the 
disturbance  has  already  been  described  (p.  22).  When  the  lesion  is 
acute  and  irritiitive,  vascular  dilatation  and  an  increase  of  temperature 
occur  at  first,  and  are  followed  by  passive  hyperemia  and  lowered  tem- 
perature. There  may  be  cedema,  and  an  increased  secretion  of  sweat. 
The  changes  in  the  skin,  acute  and  chronic,  are  those  that  have 
been  already  described.     "  Glossy  skin,"  red,  smooth  and  thin,  is 

*  The  experiments  of  Leuderitz  ('Zeitschr.  f.  klin.  MeW./  IU\,  h\)  iiiert-ly  confirm 
the  (act.  And  do  not  really  ex|»hdu  it,  at  be  and  otbeis  liuve  awuiiied. 
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especiallj  common,  and  is  frequently  accompanied  bj  atrophy  of  the 
subcutaneous  tissue,  and  perhaps  of  tbe  bone,  so  that  the  finger-tips 
become  narrow,  and  present  an  aspect  that  is  Teiy  characteristic. 
Burning  pain,  with  tenderness,  often  accompanies  the  change,  and  maj 
continue  for  long.  Occasionally,  instead  of  becoming  thin,  the  epi- 
dermis increases  in  thickness,  tbe  nails  often  become  thick  and  rough, 
and  present  transverse  or  longitudinal  furrows.*  In  parts  where  there 
is  much  subcutaneous  tissue  this  may  also  become  thickened  and 
have  a  peculiar  doughy  feel,  resembling  that  met  with  in  myxoedema. 
The  growth  of  the  hair  may  be  lessened  or  increased.  Sloughing  of 
the  skiu  is  far  less  common  than  in  central  diseases,  but  vesication 
occurs  with  extreme  readiness,  and  sometimes  vesicles  or  bullse  appear 
to  form  spontaneously.  Ulcers  result  which  erode  and  destroy  the 
tissues,  especially  of  the  finger-ends.  Mustard  plasters  also  blister 
the  skin  more  readily  than  in  health.  It  is  important  to  remember 
these  facts,  because  the  affection  is  one  in  which  hot  applications  are 
often  recommended.  A  gentleman  dislocated  his  shoulder,  and  either 
by  the  displaced  bone,  or  in  the  reduction,  the  brachial  plexus  was 
seriously  injured.  The  muscles  of  the  band  wasted,  and  the  skin 
became  glossy.  He  was  advised  by  a  surgeon  to  bathe  the  hand  daily 
in  hot  water.  One  dav  his  wife  bathed  it  in  water  which  to  her  was 
pleasantly  warm,  and  which  caused  him  no  discomfort,  but  the  result 
was  that  the  hand  was  covered  with  blisters,  and  ulcers  were  left 
which  did  not  heal  for  months. 

The  joints  often  suffer  in  their  nutrition.  Acute  inflammation,  such 
as  occurs  sometimes  in  spinal  affections,  is  rare,  but  chronic  changes  in 
the  joints  are  frequent,  with  much  tenderness ;  alterations  in  the 
articular  surfaces,  and  fibrous  adhesions  result,  which  limit  move- 
ment. When  the  muscular  wasting  is  slight,  the  condition  may 
resemble  a  primary  joint  affection,  and  this  mistake  in  diagnosis  is 
sometimes  actually  made. 


INJURIES   OF  NERVES:   COMPRESSION. 

Traumatic  lesions  of  nerves  are  in  the  province  of  surgery.  They 
belong  to  the  physician  only  in  so  far  as  their  effects  are  produced 
by  the  agency  of  a  neuritis,  the  mechanical  origin  of  which  may 
escape  notice.  Neuritis  is  described  in  the  next  section.  A  word  is 
needed,  however,  on  the  subject  of  sin) pie,  slow  compression  of  nerves, 
not  because  the  symptoms  are  grave,  but  because  they  often  give  rise 
to  very  grave  mental  concern  on  the  part  of  the  patient,  and  to  occa- 
sional doubts  in  the  mind  of  his  medical  attendant.     Sudden  compres- 

*  Several  excellent  illustrations  of  these  changes  are  given  by  Bowlby^  loc.  cit., 
where  alio  a  full  Hocoout  of  traumatic  lesions  is  given. 
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■ion  braises  the  nenre-fibres,  and  onlj  concerns  ns  as  a  cause  ci 
neuritis.  Slow  pressure  on  anj  nerve,  however  slight,  if  maintained 
for  a  time,  caases  a  familiar  tingling  in  the  region  of  distribution  of 
its  fibres,  often  with  a  sense  of  warmth,  with  disordered  sensations  and 
even  a  loss  of  sensibility  in  the  skin.  Often  this  is  accompanied  bj  an 
inability  properly  to  put  in  action  the  muscles  that  are  supplied  by  the 
nerve.  All  the  symptoms  pass  away  in  a  few  minutes,  a  sense  of  cold 
and  an  inability  to  direct  movements  being  often  the  last  effects.  If 
they  do  not  pass  away,  the  persistent  effects  are  ascribed  to  a  neu- 
ritis such  as  is  produced  by  any  other  cause. 

But  neuritis  is  not  the  primary  lesion,  and  the  initial  symptoms 
are  not  produced  by  the  agency  of  inflammation.  Hence,  when 
they  persist,  it  is  doubtful  whether  we  should  ascribe  them  to  the 
inflammation  unless  they  occur  after  an  interval.  The  mechanism 
l^  which  the  tingling  and  early  ansssthesia  are  produced,  probably 
causes  also  the  lasting  symptoms.  The  compression  no  doubt 
causes  ansemia,  but  the  known  sensitiveness  of  nerves  to  mechanical 
stimulation  makes  it  probable  that  the  effects  are  chiefly  produced 
bj  the  mechanical  influence  of  the  pressure  on  the  elements  of  the 
nerve-fibres,  and  that  a  compression  for  a  few  hours  has  such  an 
effect  in  separating  the  moleculai*  elements  of  the  white  substance, 
as  to  set  up  a  secondary  degeneration  of  the  same  character  as  that 
which  results  from  division  of  a  nerve.  The  neuritis  is  thus  no 
more  the  cause  of  symptoms  in  compression  than  in  division.  In 
each  there  is  a  displacement  of  molecules  interrupting  conduction. 
This  is  also  the  conclusion  of  Weir  Mitchell,  who  found  that  a 
pressure  of  eighteen  to  twenty  inches  of  mercury  for  twenty  seconds 
alx>lished  the  power  of  conduction,  though  only  for  a  few  minutes,  in 
spite  of  conspicuous  change  in  the  white  substance.  The  latter  is 
still  greater,  and  the  effects  more  enduring,  in  a  contusion. 

The  cause  of  the  tingling  in  the  region  of  distribution  of  the  sciatic 
nerve  is  recognised  when  it  is  due  to  pressure  by  sitting.  But  it 
is  otherwise  when  the  pressure  is  on  the  nerves  of  the  arm  and  is 
produced  during  sleep.  The  tingling  may  be  felt  in  the  region  of 
the  ulnar  nerve,  in  consequence  of  flexion  of  the  elbow,  or  in  the 
whole  hand  from  the  pressure  on  the  nerves  of  the  brachial  plexus 
on  the  side  on  which  the  patient  is  lying.  Waking  up  with  the 
tingling,  and  sometimes  with  cramp  or  power lessness  in  the  hand,  he  is 
naturally  alarmed.  The  diagnosis,  however,  is  rendered  easy  by  the 
unilateral  character  of  the  symptoms,  and  by  the  fact  that  they  are 
always  felt  on  the  side  that  is  bearing  the  weight  of  the  body.  The 
symptoms  are  produced  much  more  readily  when  the  general  health 
is  bad ;  they  last  longer  and  more  often  end  in  neuritis.  The  pres- 
sure of  crutches  on  the  brachial  phxus  may  have  the  same  effects. 
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INFLAMMATION  OF  NERVES:  NEURITIS. 

Neuritis,  or  in fl animation  of  nerves,  presents  various  characters, 
ivhich  have  led  to  the  distinction  of  numerous  forms.  The  inflam- 
mation of  single  nerves  usuallv  begius  in  the  outer  sheath  of  the  nerve, 
and  this  has  been  distiuguished  as  **  perineuritis."  It  may  involve 
alFo  or  chiefly  the  connective  tissue  between  the  bundles  of  nerve-fibres 
("  interstitial  neuritis  "),  or  the  nerve-fibres  themselves  (**  parenchy- 
matous or  degenerative  neuritis  ").  Some  forms  of  neuritis  have  a 
tendency  to  ascend  the  nerve,  and  this  variety  has  been  termed 
"ascending  neuritis  "  or  "  neuritis  migrans."  One  nerve-trunk  may 
be  primarily  affected,  or  many  nerves  may  suffer  at  the  same  time. 
The  latter  condition,  **  primary  multiple  neuritis,"  is  of  great  import- 
ance, and  will  be  described  in  a  separate  section. 

Most  foims  of  neuritis  may  be  either  acute  or  chronic.  Acut« 
neuritis  usually  subsides  into  a  chronic  stage,  and  its  symptoms  may 
tbus  persist  for  a  long  time.  Other  varieties  that  have  been  distin- 
guished depend  upon  the  cause  to  which  the  inflammation  is  secondary. 
Thus  we  have  cancerous,  syphilitic,  gouty,  diabetic,  and  other  forms. 

Causes. — Injury  causes  more  or  less  inflammation  which  occurs 
readily,  and  follows  very  slight  damage.  Neuritis  may  thus  be  set 
up  by  all  sorts  of  wounds,  by  contusions,  by  compression  from  with- 
out or  by  adjacent  stuctures,  and  by  over-extension  of  the  nerves. 
Those  nerves  that  puss  by  joints  are  liable  to  injury  from  disloca- 
tions, either  by  the  displacement  of  the  bones,  or  during  reduction. 
In  fractures  the  nerves  may  be  injured  directly,  or  may  be  compressed 
by  the  callus  that  is  formed.  Nerves  are  sometimes  damaged  by  a 
violent  contraction  of  the  muscles  through  which  they  pass.  It  is 
probable  also  tiiat  muscular  effort  excites  neuritis  in  other  situations, 
especially  in  persons  who  are  predisposed.  Moreover,  a  strain  on  the 
fibrous  tissues  of  joints,  fasciae,  <&c.,  may  set  up  inflammation  in 
them,  which  may  spread  to  the  nerves. 

Neuritis  may  arise  by  extension  from  adjacent  inflammation.  The 
nerves  near  suppurating  joints  may  be  involved,  and  even,  it  is  said, 
those  that  pass  by  a  joint  the  seat  of  simple  inflammation.  The 
latter  is  certainly  rare.  The  intercostal  nerves  have  been  affected  l»y 
extension  from  an  inflamed  pleura.  The  craniul  nerves  and  the  spinul 
nerve-roots  are  involved  by  extt^nsion  from  the  membranes. 

Exposure  to  cold  is  another  cause  of  neuritis.  It  is  then  often 
called  "  rheumatic."  The  nerve,  or  rather  its  sheath,  may  be  primarily 
affected,  or  the  first  effect  may  be  inflammation  of  the  fascise,  from 
which  the  inflaiuination  spreads  to  the  nerve-sheath.  Persons  who 
are  liable  to  muscular  rheumatism,  and  those  who  are  gouty,  suffer 
thus  with  especial  frequency.     But  exposure   to   cold  also  acts  in 
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■notltfT  way,  by  causing  a  blooJ-Btxte  wbich  acts  on  mnny  oerres  at 
the  same  time.  Many  general  diseases  have  a  similar  power  of 
rausing  either  an  isoLited  or  a  multiple  neuritis.  It  is  through  this 
•geucy  that  dipbtheritiu  paralysis  is  produced,  and  the  same  effect 
may  be  due  to  the  presence  of  other  toxio  material  in  the  blood, 
metallic  poisons,  alcohol,  &c.,  an  accouut  of  which  will  be  found  ia 
the  section  on  "  multiple  neuritis."  When  an  isolated  neuritis  occurs 
during  an  acute  dbease  it  is  probably  produced  through  the  agency 
of  compression,  unnoticed  during  the  prostration.  Neuritis  has  aldo 
been  found  in  the  vicinity  of  bedsores  (Fitres),  and  though  pro- 
bably due  to  pressure  may  be  part  of  the  mechanism  by  which 
they  are  caused.  Some  chronic  general  diseases  cause  only  isolated 
neuritis, — either  simple,  aa  that  which  is  due  to  gout  (when  the 
genf^ral  disease  must  be  regarded  chiefly  as  a  predisponent)  ;  or 
ipecial,  as  syphilitic,  cancerous,  or  leucocythiemic  neuritis,  in  which 
there  is  an  infiltration  of  the  nerve  with  the  special  tissue-element 
characteristic  of  the  general  disease. 

The  characters  of  the  simple  isolated  form  constitute  the  chief 
subject  of  this  section, 

Patholooical  Amatokt. — The  changes  differ  according  as  the 
inflammation  afFects  primarily  the  adventitial  connective  tissue, 
"adventitial  neuritis,"  or  the  fibres  themselves  in  the  "paren- 
chymatous" form.  Isolated  neuritis  is  generally  adventitial,  and 
will  be  first  described.  In  acute  inflammation  the  affci-ted  part 
of  the  nerve  ia  red  and  swollen.  The  redness  depends  on  distended 
▼eescls,  whicb  may  be  visible  on  the  surface  The  swelling  is  due  to 
codema,  or  to  a  sero-fibrinous  ^ 

exudation,  sometimes  jelly-like  rtLl    [ '''  ^f  '{     ]\ 

in  aspect.  The  microscope  shows  m 
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lencocyte-like     corpuscles     sur- 
rounding the  vessels,  infiltrating  Iy    J  I 
the   sheath  (Fig.  44)  and  ac-  ^1    M 
cumulating  between  it  and  the       j 
nerve.    There  may  be  even  small      / 
extravasations  of  blood.     These     / 
chauges  may  be  Umited  to  the     I  / 
abf  ath  in  what  is  called  "  peri-     \  |  ' 
neuritis,"  or  may  extend  into     i     i    i     1 
the  substance  of  the  nerve  ia  '     ' 
"  interstitial  neuritis."     In  the 
Utter  case  the  lymphoid  cor-  Fio.  «.-N'«uriKi:  de(wner.tl<m  of  ome- 

,..,,,,,.  ,         fli^rp*.  tlie  mTelin  btokeo  up  into  nuiues 

puscles  infiltrate  the  septa,  and  globnleMnd  (tmnnlei.  Accumulation  of 
may  even  be  seen  in  the  sub-  leucofjt<«  in  ueTTo-ibeaih.  Prom  a  om 
stance  of  the  fawjicnli,  between  "' "■"'tip'"  ■"»"«..  (Afur  Ujdeo.) 
the  nerve-fibres.  These  changes  may  be  continuous  along  a  con- 
siderable tract  of  the  nerve  (diffuse  neuritis),  but  more  frequently 
they  are  chiefly  marked  at  certain  places,  which  are  separated  by  por- 
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tions  of  the  nerve  which  are  so  little  affected  as  to  appear  to  the  naked 
eye  to  be  normal  ("  focal  **  or  **  disseminated  neuritis  ").  The  foci  of 
inflammation  are  chiefly  situated  at  places  where  the  nenre  turns  round 
a  bone,  or  emerges  from  canals  or  fascies,  or  divides. 

The  extent  to  which  the  nerve-fibres  suffer  varies  much.  They 
usually  present  little  change  when  the  inflammation  is  limited  to 
the  sheath,  unless  the  nerve  lies  in  a  bony  canal,  or  in  rigid  fibri>us 
tissue,  within  which  the  sheath  cannot  expand ;  its  swelling  then  exerts 
pressure  on  the  fibres.  When  the  inflammation  is  interstitial  the 
fibres  suffer  more  readily,  although  not  invariably.  On  the  other 
hand,  they  are  sometimes  found  much  altered,  when  the  connective- 
tissue  elements  are  but  little  atfected.  In  this  case  the  inflammation 
is  "  parenchymatous  "  and  begins  in  the  nerve^fibres,  the  interstitial 
tissue  being  secondarily  involved  or  unaffected.  The  changes  in  the 
fibres  are  almost  the  same  as  in  degeneration  (Figs.  83  and  34). 
It  was  pointed  out  how  closely  the  two  processes  of  inflammation 
and  degeneration  are  connected,  and  how  difficult  it  is  to  separate, 
or  even  to  distinguish  them,  in  many  cases.  The  myelin  of  the  white 
substance  first  breaks  up  into  segments,  more  or  less  elongated,  often 
with  smaller  globules  of  myelin  between  or  beside  them.  The  masses 
are  cloudy  or  finely  granular  in  aspect.  The  axis-cylinders  are 
interrupted  where  the  myelin  is  divided.  The  nuclei  of  the  sheath  are 
increased  in  number,  and  the  protoplasm  around  them  is  increased  in 
quantity.  Next  the  myelin  is  divided  into  smaller  globules  and 
granules,  and  the  axis-cj Under  is  no  longer  recognisable.  The  myelin 
then  disappears  in  parts  of  the  tubes,  while  it  remains  at  other  parts, 
but  is  still  more  finely  divided.  Lastly,  the  sheaths  become  empty 
and  very  narrow,  containing  only  nuclei  at  intervals,  with  here  and 
there  a  little  finely  granular  material,  or  sometimes  some  brownish 
pigment  granules.  The  process  may  thus  go  on  to  complete  destruc- 
tion of  the  fibres.  These  commonly  suffer  unequally ;  fibres  that 
have  a  normal  appearance  are  scattered  among  those  that  are  much 
altered. 

In  chronic  interstitial  neuritis  the  axis-cylinders  often  suffer  less  than 
the  white  substance.  The  latter  becomes  atrophied,  so  that  the  fibres 
are  smaller  than  normal.  If  the  interstitial  inflammation  is  very  intense 
the  fibres  may  break  up  as  above  described.  As  the  inflammation  sub- 
sides, the  new  cellular  elements  that  have  made  their  appearance  assume 
the  aspect  of  fusiform  cells,  and  fibrous  tissue  is  developed,  either  from 
these  cells,  which  become  less  numerous,  or  from  the  intercellular  exu- 
dation. This  fibrous  tissue  surrounds  and  encloses  the  fasciculi,  a 
condition  that  has  been  termed  **  sclerosis  of  the  nerve."  A  firm 
fusiform  swelling  may  remain  at  the  affected  spot,  and  this  may  be 
adherent  to  adjacent  structures.  Sometimes  fat  is  ultimately  formed  in 
the  new  connective  tissue,  a  condition  that  has  been  rather  unnecessarily 
termed  "  lipomatous  neuritis  "  (Leyden)  ;  the  fatty  deposit  does  not 
seem  to  be  related  to  any  special  form  of  neuritis. 
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In  svpliilitic  neuritis,  which  affects  chieflj  the  cranial  nerves,  there 
IB  a  cellular  growth  in  the  sheath  and  interstitial  tissue  similar  to  that 
which  constitutes  other  syphilitic  new  formations,  with  a  variable 
amount  of  aJteration  of  simpler  inflammatorj  character.  The  growth 
in  the  sheath  may  amount  to  a  distinct  syphilitic  tumour,  with  or 
without  interstitial  changes.  In  cancer,  nerves  adjacent  to  the  new 
growth  may  present  simple  interstitial  neuritis,  or  may  be  infiltrated 
by  a  growth  of  cancer-elements  spreading  to  the  nerve  by  direct 
extension.  In  leucocythsemia  there  is  a  deuse  infiltration  of  the  nerve 
with  leucocytes. 

The  destructive  changes  in  the  nerve-fibres  extend  down  the  nerve 
io  the  periphery  in  a  process  of  secondary  degeneration,  more  or  less 
inflammatory  in  nature,  as  already  described  in  secondary  degeneration. 
Usually  the  central  portion  of  the  nervo  remains  free,  the  alterations 
ceasing  a  short  distance  above  the  seat  of  the  primary  inflamuiation. 
In  rare  cases  an  ascending  neuritis  (n.  migrans)  passes  up  the  nerve, 
and  may  spread,  at  a  plexus,  to  other  nerve-bundles  and  other  nerve- 
trunks.  The  formation  of  fibrous  tissue  in  the  inflamed  part,  and 
the  cicatricial  contraction  of  this  tissue,  often  prolong  the  irritation 
of  the  nerve-fibres,  and  the  symptoms  due  to  this  and  a  state  of 
**  chronic  neuritis  "  is  said  to  be  left. 

Symptoms. — The  symptoms  of  neuritis  vary  extremely  according  to 
its  intensity,  its  extent,  and  the  nerve  that  is  affected.  In  two  places, 
the  brachial  plexus  and  the  sciatic  nerve,  the  symptoms  are  sufii- 
ciently  special  to  make  their  separate  description  desirable,  although 
the  general  account  applies  to  them  also. 

The  onset  of  the  acute  form  is  sometimes  attended  by  some  con- 
stitutional disturbance,  especially  when  many  nerves  are  affected. 
The  chief  symptoms  are  local.  The  most  prominent  is  pain,  felt  in 
the  inflamed  part  of  the  nerve,  and  also  often  in  the  part  to  which  it 
is  distributed  (see  p.  61).  Sometimes  the  pain  involves  the  whole 
limb,  and  in  severe  cases  it  may  be  most  intense,  burning,  boring, 
rarely  darting,  in  character;  usually  worse  at  night;  increased  by 
movement,  by  postures  that  involve  tension  or  pressure  on  the  nerve, 
and  by  whatever  causes  passive  congestion  of  the  limb,  such  as  the 
act  of  coughing.  Sometimes  it  seems  to  radiate  into  distant  parts, 
and  not  rarely  pain  is  also  felt  in  the  corresponding  region  of  the 
opposite  limb.  The  sensitiveness  of  the  whole  of  the  affected  region 
is  increased,  and  even  the  bone  may  be  tender,  so  that  at  first  attention 
may  not  be  directed  to  the  nerve,  but  when  this  is  pressed  great  pain 
is  always  produced.  In  slighter  cases  the  pain  is  usually  limited  to 
the  nerve  and  its  distribution.  It  may,  indeed,  be  absent  when  the 
nerve  or  branch  is  chiefly  motor,  a  fact  difficult  to  explain  unless  the 
sheaths  of  such  nerves  contain  fewer  sensory  fibres  than  usual.  If 
the  nerve  is  accessible  to  direct  examination  it  may  be  felt  to  be 
distinctly  swollen  at  the  affected  part.  Occasionally  the  skin  over  it 
has  been  observed  to  be  red,  and  rarely  there  has  been  slight  oedema. 
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SpoDiaiieous  sonsationn  may  be  felt  in  the  region  supplied  hj  the 
nerve,  tingling,  &c.,  and  the  skin  may  be  hjpenedthetic.  After  a  time, 
as  the  nerve-fibres  suffer,  sensation  may  be  perverted,  or  even  lessened ; 
complete  anaesthesia  is  usually  confined  to  small  areas.  The  muscles 
supplied  by  the  nerve  become  weak  in  various  degree,  tender,  and 
preiient  fibrillar  twitcbings ;  they  are  seldom  powerless,  but  pain  may 
prevent  their  contraction.  They  present  the  altered  electrical  reuc- 
tittns  characteristic  of  nerve- lesions.  Increased  perspiration  has  boon 
observed  in  the  part  of  the  skin  supplied  by  the  inflamed  nerve,  -wery 
rarely  it  is  an*ested,  and  sometimes,  although  rarely,  eruptions  occur. 
Herpes  is  not  common  from  ordinary  acute  neuritis.  The  epidermis 
may  become  thickened  into  a  state  like  ichthyosis,  or  atrophy  as 
**  glossy  skin."  Effusion  into  joints  has  been  observed  in  very  n^re 
case.s.  The  constitutional  disturl>ance  which  may  attend  the  onset 
subsides  in  the  course  of  a  few  days,  but  the  pain  and  other  Bym« 
ptoms  usually  t)ersist  in  undiminished  severity  for  several  weeks. 
They  ultimately  slowly  subside  into  a  chronic  stage,  and  may  continue 
as  a  secondary  neuralgia  due  to  a  habit  of  over-action  set  up  in  the 
centre. 

In  the  chronic  form  constitutional  disturbance  is  absent,  and  pain 
is  the  prominent  symptom  from  the  first.  The  affection  of  motion, 
sensibility,  and  the  trophic  changes  are  similar  to  those  met  with  in 
the  acute  form.  In  both  forms  the  muscles  may  waste,  and  present  the 
reaction  of  degeneration  when  they  are  tested  with  electricity  (p.  45). 
In  slight  cases  the  initial  increase  of  excitability  in  the  nerve  is  often 
well  marked.  Trophic  changes  in  the  skin  are  very  common ;  bo  is 
alteration  in  the  nutrition  of  the  joints,  and  adhesions  form,  limiting 
the  movement,  and  fixing  the  parts  in  the  position  corresponding  to 
the  muscular  inaction. 

When  neuritis  ascends  a  nerve,  the  symptoms  gradually  extend  in 
area;  and  if  it  reaches  the  ph-xus  from  which  the  nerve  proceeds,  they 
may  extend  to  most  or  all  the  nerves  of  the  limb.  This  "ascending 
neuritis "  is  not  rare  in  man,  may  even  reach  the  spinal  canal, 
and  there  produce  various  disturbances.  The  inflammation  may 
spread  in  the  tissue  outside  the  dura  mater,  or  may  extend  to* 
the  cord,  and  cause  subacute  or  chronic  mvelitis  with  or  without 
meningitis.  The  paralysis  that  occurs  secondarily  to  some  visceral 
diseases,  as  those  of  the  bladder,  and  commonly  regarded  as  reflex 
paralysis,  are  probably  produced  through  the  agency  of  an  ascending 
neuritis.  .  Lastly,  the  inflammation  may  extend  to  the  nerves  of  the 
other  side,  usually  to  those  that  correspond  to  the  primary  seat  of  the 
disease.  Such  extension  may  be  through  the  spinal  cord  or  the 
nieml>ranes,  but  in  some  cases  symptoms  occur  in  the  nerve  of  the 
opposite  side,  without  any  indication  of  an  affection  of  the  centres. 
Experiments  on  animals  have  demonstrated  that  such  implication  of 
the  opposite  nerve  may  occur  when  the  centres  are  unaffected.  It  has 
been  called   "sympathetic  neuritis."     We   have   seen  that  reflected 
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pains  are  occasionally  felt  in  the  corresponding  nerve  on  tlie  opposite 
side,  and  it  is  probable  that,  as  in  neuralgia,  vaso-motor  dist  urliance 
in  the  nerve-sheath  may  accompany  such  pains,  and,  in  a  predisposed 
person,  may  cause  actual  neuritis. 

The  Duration  and  Course  of  neuritis  vary  much.  A  slight  acute 
neuritis  may  run  its  course  in  a  few  weeks  and  then  subside.  Much 
more  commonly  the  affection  persists  in  a  chronic  stage  for  many 
weeks,  or  even  months,  and  slowly  passes  off.  The  rheumatic  and 
gouty  forms  are  as  a  rule  much  more  tedious  than  those  that  result 
from  injury,  although  traumatic  neuritis  is  sometimes  very  insidious 
and  may  last  a  long  time  ;  it  may  ascend  the  nerve  from  its  starting- 
place  and  become  localised  in  certain  situations,  where  it  mav  develop 
afresh,  and  give  rise  to  symptoms  that  may  seem  to  be  independent 
of  their  cause.  In  the  predisposed,  it  may  set  up  troublesome  local 
functional  disturbance,  hysterical  contracture,  and  the  like. 

Diagnosis. — The  diagnosis  of  neuritis  depends,  first  on  the  locali- 
sation of  the  symptoms  to  the  distribution  of  a  certain  nerve- trunk,  and 
secondly  on  the  pain  and  tenderness  in  the  nerve.  The  diffuse  pains 
that  attend  the  onset  may  be  readily  mistaken  for  the  pains  of  acute 
rheumatism,  or  for  those  due  to  an  inflammation  of  the  bone,  but  in  the 
course  of  a  day  or  two  the  localisation  of  the  symptoms  declares  their 
nature.  The  chronic  form  is  easily  and  ofl^n  mistaken  for  neuralgiii, 
and  the  diagnosis  is  the  more  difficult  because  many  so-called  neu- 
ralgias are  really  due  to  neuritis.  The  distinction  can  only  be  fully 
discussed  when  we  have  considered  the  svmptoms  of  neuralgia,  but  it 
rests  chiefly  on  the  fact  that  in  neuralgia  the  pain  iuternnts  more 
completely  than  in  neuritis,  there  is  not  the  same  initial  tenderness  in 
the  nerve-trunks,  and  the  tender  spots  have  a  more  uniform  localisation. 
Lessened  sensibility  or  change  in  the  muscles,  showing  organic  damage 
to  the  nerve-fibres,  are  conclusive  evidence  of  neuritis.  The  pains  in 
some  central  diseases,  chiefly  those  of  the  spinal  cord,  may  be  thought 
to  be  due  to  neuritis,  but  there  is  not  the  local  tenderness  of  the 
nerve-trunk,  and  the  pain  is  not  limited  to  the  distribution  of  a  single 
nerve.  As  we  shall  see  presently,  the  diagnosis  of  multiple  neuritis 
from  affections  of  the  cord  is  far  more  difficult. 

PsooNOsis. — The  gravest  form  of  simple  neuritis  is  that  in  which  the 
nerve  is  affected  secondarily  to  a  local  suppurative  inflammation.  The 
prognosis  is  best,  as  a  rule,  in  traumatic  neuritis,  but  the  rule  is  one 
to  which  the  exceptions  are  occasionally  very  considerable  in  degree. 
A  neuropathic  disposition  makes  the  prognosis  worse.  In  ail  casea 
the  intensity  of  the  symptoms,  and  the  evid'^nce  of  descending  degene- 
ration, furnish  a  more  trustworthy  guide  to  prognosis  than  does  the 
mere  form  of  the  affection.  The  effects  of  complete  degeneration 
always  endure  for  some  months.  Kegeneration  does  not  occur  until 
the  original  cause  has  ceased  to  act,  and  then  occupies  many  weeks  in 
its  progress  to  the  restoration  of  functional  competence.  In  all  forms 
pa:n  is  apt  to  linger  on,  and  the  longer  the  older  the  patient  is. 
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Treatment. — The  first  consideration  in  the  treatment  of  neuritis  is 
the  removal  of  its  caase,  if  this  can  be  discovered.     A  wotind  or  injury 
or  local  inflammation  adjacent  to  the  nerve  must  be  dealt  with  bj 
appropriate  measures.     Any  constitutional  cause,  such  as  gout,  must 
be  treated.     For  the  inflammation  of  the  nerve,  it  is  of  the  first 
importance  to  secure  to  the  part  as  perfect  rest  as  possible.     Move- 
mt^nt  causes  mechanical  irritation  of  the  nerve,  and  involves  functional 
Ktiniulation  of  its  fibres,  both  of  which  are  injurious.    The  nerves  of 
a  limb  run  between  muscles,  and  the  contraction  of  these  muscles 
cjiuses  pressure  on  the  inflamed  nerve,  and  irritates  it,  as  the  pain  thus 
priKiuced  sufficiently  shows.    Pain  is  indeed  a  useful  indication  of  the 
harmful  influence  of  movement,  since  the  stimulation  of  the  nerves  of 
the  sheath,  in  which  the  pain  is  produced,  doubtless  has  also  a  reflex 
effect,  increasing  the  vaso-motor  element  in  the  inflammation.     Hence 
it  is  most  important  that  all  movement  that  causes  pain  should  be 
avoided.    The  posture  of  the  limb  should  be  such  as  to  involve  the 
least  |»ain  and  the  least  danger  of  secondary  contracture.     The  general 
tn^atment  of  an  acute  neuritis  nust  be  that  suitablefor  any  acute  local 
inflammation,  whatever  its  seat, — an  uustimulating  diet,  an  aperient, 
and  diuretii's.     In  gouty  cases  a  brisk  purgative  may,  with  advantage, 
l>e  given.    General  diaphoresis  is  useful  in  cases  that  are  due  to  cold, 
and  in  others  local  sweating  is  often  of  distinct  service.     The  limb 
may  be  steamed,  or  exposed  to  hot  air.     This  should  be  followed  by 
hot  fomentations  applied  along  the  course  of  the  affected  nerve,  and 
theee  by  linseed-meal  poultices.     Leeches  may  also  be  employed  at  the 
onset  of  severe  cases.     When  the  inflammation  results  from  injury, 
cold  may  be  applied  along  the  course  of  the  nerve  instead  of  heat ; 
lx>th  probably  modify  the  vascular  disturbance  of  inflammation  in  a 
similar  manner.     Counter- irritation  may  be  used  at  the  onset  of  slight 
ca^<>is,  but  when  the  inflammation  is  severe,  this  agent  is  more  effective 
during  the  subsidence  of  the  inflammation  than  during  its  active 
sta^.     Blisters,  repeate<l  mustard  pUsters,  or  stimulating  liDimenta 
mav  l«e  n$ei«  but  care  must  be  taken  not  to  blister  skin  that  is 
aMe$thetio,  or  troublesome   ukvratioo   mav  be   caused.     The   same 
CAUtii^u  is  n«xv«$arT  in  iv-gard  to  hot  applications,  as  is  shown  by  the 
ca^^  menti.^ned  ou  p  62. 

Sivntaneous  pain  neq aires  sedatives,  of  which  the  hypodermic  injec- 
tion of  mor|>hia  U  by  far  the  most  potent.  It  should  be  used  only 
tor  $iH^ntaae.^u$  psi:\  atid  r.oi  to  enable  the  tatieot  to  ose  the  limb  in 
a  wa\  that  wv^u^i  |^7^>iuv>^  \^\n  if  morphia  wer«  ci*t  given.  Mechanical 
irsitatioa  may  K*  equally  irjurious,  ahbougi:  ibe  jvain  whidi  it  would 
caa^ie  :s  obriAttyj  bv  the  sr\ijki:ve.  Mor«kver  :t  :iiK>uld  oolr  be  used 
a$  1  .Ji^t  re^^r:.  when  tbt^  -^ct  to  te  mentis  c^  next  is  inadequate. 
Mont:.%  hjk*  ^.trle  intluoia.^  on  the  morbid  f.TV>oe*$:  it  Irssena  the 
effovt  o!  ih*  d:s^f*>^  *  u  the  bnin  o  >  ty  actiiig  :n  the  brain. 

In  cw-jkiiLr  «e  b^ve  an  ai>»c:t  caf«sb  e  to  a  lar^  extent  of  ivplacnig 
eK>rpV.«.  asd  of  a  cr^^at^r  thef;bpeuti^  capacsty.     Althoo^h  it  has  hsia 
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pi^wer  of  relieving  pain,  it  is  capable  of  doing  much  more  than  that. 
It  arrests  the  local  transmission  of  the  impulses  that  cause  pain,  and 
8o,  at  a  limited  region,  it  does  lessen  pain  and  often  remove  it  for  a 
time,  and  the  local  character  of  its  action  enables  it  to  exert  a  simul- 
taneous influence  on  the  morbid  process.  It  prevents  the  irritative 
influence  on  the  inflamed  structures  of  the  impressions  that  are  felt  as 
pain,  which  we  have  just  considered  ;  and  the  entire  arrest  of  the  influ- 
ence, even  though  the  r^on  is  small,  seems  to  produce  a  much  greater 
effect  on  the  process  than  might  be  anticipated.  It  is  instructive  to  note 
the  opposite  influence,  revealed  by  the  occasional  redness  of  the  skin 
and  subcntaneous  oedema,  along  the  course  of  the  inflamed  nerve.  The 
injection  should  be  made  at  one  of  the  seats  of  pain.  In  the  rheumatic 
form  salicjlate  of  soda  has  been  given,  but  is  of  doubtful  value. 
Iodide  of  potassium  sometimes  seems  to  be  useful,  but  no  agent  has 
80  distinct  an  influence  on  the  process  of  inflammation  in  the  nerve 
ass  small  doses  of  mercury.  A  grain  of  blue  pill  may  be  given  once  or 
twice  a  day  ;  and  if  morphia  has  to  be  injected  at  the  same  time,  the 
mercury  is  useful  also  in  correcting  the  constipating  influence  of  the 
morphia. 

In  the  chronic  stage  or  form,  counter-irritation,  by  blisters  or 
cautery,  is  of  great  value.  So  also  is  electricity,  which  has  little 
influence  during  the  acute  stage.  The  voltaic  current  should  be 
used.  The  positive  electrode  maj  be  placed  over  the  inflamed  part  of 
the  nerve,  or  over  the  seat  of  pain,  and  kept  there  for  ten  minutes  at 
a  time,  the  strength  of  current  being  slight,  such  as  the  patient 
can  just  perceive.  In  very  chronic  cases  a  stronger  current,  sufficient 
to  cause  actual  pain,  is  of  service,  applied  in  a  similar  manner,  but 
for  a  shorter  time.  It  has  probably  chiefly  a  counter-irritant  influence, 
and  faradism  may  be  used  in  the  same  way.  All  painful  impressions 
on  the  skin  lessen,  for  a  time,  the  nerve- pain. 

The  muscles  supplied  by  the  inflamed  nerve  may  be  left  alone, 
unless  their  wasting  is  marked,  or  the  degenerative  reaction  shows 
serious  damage  to  the  motor  fibres.  In  cases  of  moderate  severity 
they  will  recover  when  the  nerve  recovers.  All  that  is  desirable  is 
that  they  should  be  gently  rubbed  once  or  twice  a  day.  If  the  wasting 
18  considerable,  however,  or  there  is  degenerative  reaction,  they  should 
be  stimulated  to  gentle  contraction  by  a  weak,  slowly  interrupted 
voltaic  current.  They  should  on  no  account  be  farad ised  during  the 
active  stage  of  the  affection,  even  if  tbey  act  to  faradism.  The  acute 
pain  that  the  faradic  stimulus  causes,  and  the  increased  tenderness 
that  lasts  for  hours  afterwards,  are  evidence  of  its  injurious  effect. 

In  all  cases  attention  to  the  general  health  is  of  great  importance. 
Tonics  are  needed  during  the  chronic  stage.  Change  of  air  will  some- 
times remove,  in  a  few  weeks,  symptoms  that  have  previously  been 
stationary  for  months. 

The  modifications  of  treatment  that  are  rendered  necessary  by 
the  position  of  the  neuritis  will  be  considered  when  we  come  to  speak 


72  NEUROMA. 

« 

of  the  affections  of  the  seyeral  nenres.  The  pathological  varieties  of 
neuritis  ouly  need  special  treatment  in  so  far  as  they  depend  upon 
special  causes,  and  this  point,  as  already  mentioned,  must  alwajt  be 
one  of  the  first  considerations. 


MORBID  GROWTHS  IN  NERVES :   NEUROMA. 

The  term  "  neuroma "  has  been  applied  iudiscriminatelj  to  all 
morbid  growths  situated  on  the  peripheral  nerves.  The  discovery,  by 
Yirchow,  that  many  of  these  consist  of  a  growth  of  nerve-fibres,  while 
others  consist  of  heterologous  tissue  such  as  constitutes  morbid 
growths  elsewhere,  has  led  to  the  distinction  of  the  former  as  "  true 
neuromata  "  and  the  latter  as  "  false  neuromata.,"  or  "  pseudo-neuro- 
mata," and  even  to  the  limitation  of  the  term  **  neuroma  "  to  a  growth 
of  nerve-tissue,  whether  in  the  central  or  peripheral  nervous  system, 
the  heterologous  growths  being  called  by  the  names  they  bear  in 
other  situations,  as  **  fibroma,"  *'  sarcoma,"  &c.  The  latter  system  of 
nomenclature,  although  certainly  more  consistent,  has  not  become 
current  in  this  country. 

The  true  neuromata  mav  consist  of  medullated  or  of  non-medullated 
nerve-fibres,  termed  •'myelinic"  and  "amyelinio  "  forms  by  Virchow. 
The  latter  were  for  a  long  time  regarded  as  fibrous.  The  occurrence 
of  ganglion-cells  has  been  proved  in  only  one  or  two  instances.  There 
is  connective  tissue  between  the  nerve-fibres,  which  varies  in  amount 
and  in  character,  and  hence  the  firmness  of  these  tumours  also  varies. 
This  interstitial  tissue  may  be  so  abundant  as  to  constitute  an  inter- 
mediate form  between  the  true  and  false  varieties.  This  is  probably 
tbe  condition  in  most  cases  of  multiple  neuroma.  The  '*  false  neuro- 
mata" may  be  of  various  nature,  but  fibrous  growths,  "fibromata," 
are  far  more  common  than  any  other  kind.  Myxoma  occasionally 
occurs,  the  new  mucoid  tissue  growing  from  the  nerve-sheath.  Glioma 
is  very  rare  on  the  peripheral  nerves,  although  occasionally  found  on 
the  auditory  nerve.  Various  forms  of  sarcoma  have  been  met  with. 
Carcinoma  also  occurs,  very  rarely  as  an  isolated  growth,  but  not 
uncommonly  as  a  more  or  less  diffused  or  nodular  infiltration  of  tbe 
nerve,  arising  by  extension  from  a  contiguous  growth.  Syphilitic 
growths  are  common  on  the  cranial  nerves  within  the  skull,  but  are 
rare  elsewhere.  In  lepra  ansesthetica  the  nerves  are  infiltrated  with 
fibrous  tissue,  enlarging  them  to  many  times  their  normal  size.  Tbe 
enlargement  is  rarely  nodular,  and  is  rather  a  chronic  cirrhotic  inflam- 
mation than  a  growth.     (See  "Leprous  Neuritis.") 

A  curious  variety  of  neuroma,  consisting  of  interlacing  cords,  more 
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or  less  nodular  and  tortuous,  is  termed  pltxi/orm  neuroma.     About 

twenty  cases  bave  been  recorded.     The  disease  commonly  begins  in 

f<etdl  life,  and  is  most  common  on  some  branch  of  the  fifth  nerve  ia 

the  orbit  or  the  upper  ejelid,  but  has  been  met  with  over  the  tempui-al 

bone,  in  the  lumbar,  cerrical,  brachial,  and  solar  plexuses,  on  the  peaii 

and  the  mamma.     It  may  be  quite  superfidat  or  deeply  seated.     Tbt> 

cords,  from    1   mm. 

to   several    centime  A?""^ 

tresindi&Qieter,con-  --^'t    ^-^  ' 

tistof  a  clear  ontoi  /7  -     .■  v  V.l 

v>ne    of    concentrio 

tibrillar     conneitiTe 

tissue,  of  innerlooser 

nacleated  tissue,and, 

in    the    middle,    a 

bundle     of     nerve-  " 

fibres,  SI  me  normal     Fl<t- 45. —  Plpitfonn  nenrnmi  from  the  orbit.   (AHer  M>r- 

Others  d*  ge J-^rating.        ^m  Wn  .omoved  «<cept  >t  a.  *nd  ir™gul«,fylmdricl. 

The   corns    are    con-        nodaUr  cnrdi  an  Ken  ■nutoinoaiTig'.      &  nerw  p*a«* 

nected    together    by        '""*  ^^  tumour  aud  .uddeulj  beoome*  eiilirg«d. 

loose  tissue,  sometimes  myiomatous,  separated  from  the  proper  tissne 
of  the  cords  by  an  epitheliated  space.  The  growtb  of  this  form  is 
extremely  slow,  but  it  may  eieii;  compression  on  adjacent  structures.* 
A  remartable  case  of  extensive  myxomatoas  disease  of  the  nerves  of 
the  forearm,  congenital  in  origin,  presenting  analogies  to  plexiform 
neuroma,  is  recorded  by  Mr.  I>e  Morgan.f 

The  subciitaiieoua  extremities  of  seusory  nertes  axe  souictimes 
enlarged  into  minute  tumours  which, 
when  painlul,  have  been  termed  '•  tu- 
bercula  dolorosa."  Neuromata  in  the 
skin  may  co-exist  with  similar  tumoars 
onthenerre-trunks.  Those  ebowo  in 
Fig.  46  are  from  the  eaine  case  as  the 
tumours  represented  in  Figa.  47—49, 

The  site  attained  by  gronlhs  on 
nerves  varies  from  thnt  of  a  child's 
head  to  a  nodule  only  just  visible. 
They  rarely  exceed  the  dimeo! 
of  the  closed  fist.  The  variation 
to  size  of  multiple  neuromata  is  illustrated  i 

Siuitb.t  The  lai^e  tumour  (Fig.  47)  wa«  the  size  of  a  lemon,  but  in 
the  same  case  a  growth  from  the  sciutic  plexus  almost  filled  the  pelvis. 
They  ma;  occur  on  any  nerve  in  the  body,  cranial  or  spiual,  and  are 

•  Uarcband.  ■  Tirchow'a  Aicbiv,'  Bd.  Iixvi,  p.  S6. 
t  '  Path.  Tram.,'  vol.  uvi,  p.  2. 

t  R.  W.  Smith,  'Trntio-  on  Nrurom*,'  1840.     Mrnii  inatructJTe  ram  h«ve  been 
callecbid  bjr  Boalbjr  ('  IKmuei  md  Injarwa  of  Ket»B»  ')■ 
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>[  abdamen.    (After  Smith.) 

Figs.  47—49,  after 


Flo.  47.— Right  flttow  of  *  niftn,  Bt.  30,  witli  niultip1<- 
ncrre*  of  th«  arm  are  Tiiibla  beneath  tlie  ekia  ai  montlirorm  icriM  or  aweUiDgt 
•Iddk  th«  coone  of  tbe  nerret.     (After  Smith.) 

Fia.  48.— Part  of  tha  brachial  pleina  and  oervM  of  th*  ana. 

Fio.  49. — Neuroma  of  the  poatetlor  tibial  Derva,aama  eaae.  Tb«  tununir  wu  tbe 
«iie  of  ■  leoiDD,  and  eonld  he  fetc  la  the  poplitral  apae*.  Tbe  flatWied  bondlei  of 
Rbrei  of  the  nerTS  were  ■ep*rat«d  and  pawed  orer  the  (nrface  of  tha  tamonr.  The 
portion  of  nerra  to  the  right  ia  h  pieroof  tha  exteroal  pO|>IItMl.  ThetnisoDriOanoed 
no  Interference  with  f anoiion.  Tha  pitlentdied  or  enteric  feT«r.  One  Urge  tumonr 
HIM  the  pelvii. 

Fis.  60.— SmallnenTOmaof  popliteal  nrrva  Uidopen.  It  la  aeen  to  lie  within  the 
iheith.     It  cauKd  no  lymptumi  daring  lite.    (Alter  Sioitli.) 


sometimes  Quioeroua  on  the  pneumo pastries,  spinal  roots,  and  s^mpft- 
tbetic  plexuses.  W  hen  nenromaU  are  multiple  they  are  often  extremely 
numerous,  and  almost  every  nerve  in  the  bodj  may  be  transformed  into 
a  cbain  of  ^owths.  In  the  case  figured  more  than  200  vrere  counted 
in  tbe  riglit  arm  alone,  and  the  total  number  of  growths  in  tbe  body 
cannot  have  been  less  than  1000,  while  in  another  3020  were  counted.* 

Tbe  tumours  are  almost  always  within  tbe  sheath  of  the  nerve  (Pig. 
45).  Sometimes  they  are  on  one  side,  and  the  nerve  may  pass  by 
unchanged.  More  often  the  substance  of  tbe  nerve  ii  involved,  and 
the  fibres  may  be  separated  and  spread  out  ou  the  surface  (Fig.  44). 
Even  then  tbej  may  not  be  damaged.  They  suffer  far  more  in  hetero- 
li^ous  growths  than  in  true  neuromata. 

Causes,- The  causes  of  neuroma  are  generally  obscure.  Multiple 
neuromata  are  sometimes  hereditary,  and  are  probably  due,  in  most 
cases,  to  a  congenital  tendency  of  tissue  growth.  Flexiform  and 
multiple  Deuromats.  have  been  met  with  in  the  same  family.  They 
are  said  to  be  sometimes  the  result  of  general  neurotic  predisposition, 
and  evidence  of  this  is  found  in  tbe  occasional  occurrence  of  neuro* 
mata  in  tho  subjects  of  cretinism  or  idiocy,  of  which  some  remarkable 
examples  have  befn  recorded.  Multiple  neuromata  are  eaid  to  be 
Klmoiit  confined  to  men.  The  isolated  form  is  not  uncommon  in  women. 
•  '  M.  d.  Titoei  und  Gal..'  1883, 1,  p.  162. 


SYMPTOMS.  75 

Tbey  may  occnr  at  any  age.     Ym-how  believes  that  thej  are  unusually 
common  in  the  phthisical  and  scrofulous. 

Of  traceable  immediate  causes  the  most  frequent  is  traumatic 
injury.  Pressure,  punctured  wounds,  or  division  of  the  nerves  may 
give  rise  to  them,  apparently  by  a  perversion  in  the  process  by  which 
cicatrisation  takes  place.  A  well-known  instance  is  the  formation  of 
the  so-called  **  amputation  neuromata,"  or  *'  bulbous  nerves,"  round 
or  oval  growths,  the  size  of  a  bean  or  larger,  which  form  on  the 
dirided  extremities  of  the  nerves  in  the  stump  left  after  an  amputation. 

The  occurrence  of  new  growths  containing  ner^e-fibres  may  seem  to 
be  very  remarkable.  We  must  remember,  however,,  how  frequently 
they  are  connected  with  traumatic  causes,  t.  e,  take  origin  in  cicatricial 
processes.  In  such  processes  the  nerve-fibres  present  a  remarkable 
power  of  g^wth.  Banvier  has  shown  that  from  the  end  of  each  old 
fibre  several  new  fibres  grow,  only  one  of  which  probably  ultimately 
persists.  Under  apparently  mechanical  influences  some  of  these  fibres 
may  twist  about,  and  even  turn  and  grow  upwards.  It  is  thus  not 
difficult  to  understand  that  a  true  neuroma  may  result  from  injury  to 
a  nerve ;  it  is  said,  indeed,  that  the  ends  of  the  nerves  in  amputation 
stumps  are  generally  enlarged  into  minute  bulbs,  which  contain  more, 
fibres  than  do  the  nerves  on  which  they  are  situated.* 

Stmptoms. — These  may  be  entirely  absent,  especially  in  the  case  of 
multiple  (true)  neuromata,  which  are  sometimes  discovered  post 
mortem,  when  their  existence  has  not  been  suspected.  Often,  however, 
they  cause  marked  symptoms.  The  most  frequent  is  pain  seated  in 
the  tumour  (which  may  be  extremely  tender)  or  referred  to  the  dis- 
tribution of  the  nerve,  often  acute,  burning,  or  darting,  and  frequently 
intermittent.  It  may  be  increased  by  pressure  on  the  tumour.  In 
the  case  of  the  terminal  neuromata  local  pain  may  be  the  only  sensory 
symptom ;  but  when  the  nerve-fibres  suffer,  parsesthesise,  numbness, 
<»r  formication  may  be  complained  of,  and  ultimately  sensation  may 
Vte  lessened  or  lost.  Paralysis  of  the  muscles  supplit'd  by  the  nerve 
is  occasionally  met  with,  the  region  paralysed  corresponding  to  the  dis- 
tribution of  the  nerve  on  which  the  tumour  is  situated,  except  in  the  case 
of  neuromata  in  the  cauda  equina,  from  which  paraplegia  may  result, 
with  flexor  spasm.  A  neuroma  of  the  pneumogastric  may  cause  grave 
cardiac  disturbance,  sometimes  increased  V>y  pressure  ou  the  tumour. 

More  common  motor  symptoms  are  reflex  spasms  in  adjacent  or  even 
distant  muscles.  For  instance,  in  a  case  of  "  bulbous  nerves  "  in  the 
stump  after  amputation  at  the  shoulder- joint,  the  musclen  on  that 
side  of  the  neck  were  in  constant  clonic  spasm.  Occasionally  epilepti- 
form convulsions  are  produced,  and  have  been  known  to  cease  when  a 
painful  neuroma  had  been  excised.  The  occurrence  of  these  symptoms 
has  little  relation  to  the  size  of  the  tumour. 

When  the  neuromata  are  in  accessible  situations  they  may  be  felt. 
Sometimes  they  g^ve  rise  to  visible  tumours,  and  in  multiple  neuroma 

•  Bowl  I  J,  loc.  cit.,  p.  20. 
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the  course  of  tlie  8U)>ei*ficial  nerves  may  be  marked  out  l»f  lines  of 
bead-like  swellings,  as  in  Fig.  47.  The  cutaneous  neuromata  also 
cause  visible  swellings.  The  whole  abdomen  was  covered  with  such 
nodules  in  the  case  recorded  by  Smith  (Fig.  46).  They  are  sometimes 
not  sensitive,  sometimes  exquisitely  teiider  and  most  painful,  especially 
when  closely  united  with  the  skin.  Pressure  on  the  nerve  above  the 
tumour  commonly  lessens  the  pain. 

Plexiform  neuroma  rarely  causes  other  symptoms  than  the  signs 
manifesting  its  local  presence.  The  functions  of  the  nerve-fibres 
involved  are  not  usually  interfered  with.  Once  or  twice  anaesthesia 
of  the  skin  has  been  observed. 

Course. — The  growth  of  neuromata  yaries  greatly  in  rapidity. 
When  symptoms  occur  they  most  commonly  last  for  a  long  time, 
increasing  in  severity,  and  from  the  long-continued  pain  the  patient 
may  ultimately  be  worn  out.  In  other  cases  the  symptoms  show 
little  tendency  to  increase,  and  in  rare  instances  they  may  lessen  in 
severity  and  even  disappear. 

Diagnosis. — The  recognition  of  the  existence  of  a  neuroma  depends 
on  its  superficial  position,  or  on  the  production  of  symptoms  of  damage 
to  the  nerve.  The  latter,  when  existing  alone,  are  equivocal,  since  they 
may  be  due  to  pressure  on  the  nerve  from  an  adjacent  growth,  or  even 
to  neuritis.  The  disease  may  be  suspected  if  symptoms — pain,  numb- 
ness, weakness — occur,  limited  to  the  distribution  of  a  nerve-trunk, 
and  no  cause  of  external  pressure  can  be  discovered,  and  the  long 
course  of  the  symptoms  makes  it  unlikely  that  they  are  due  to 
neuritis.  The  diagnosis  can,  however,  only  be  certainly  made  when 
the  tumour  can  be  felt.  Secondary  subcutaneous  sarcomata  may  very 
closely  resemble  neuromata. 

The  diagnosis  of  the  kind  of  neuroma,  whether  "  true "  or  "false," 
i.  e.  composed  of  nerve-fibres  or  other  tissue,  is  very  difficult.  Multiple 
neuromata  are  usually  true,  and  of  very  slow  growth ;  false  neuromnta 
are  rarely  multiple  unless  they  are  of  infecting  nature  and  rapid  in 
development.  The  existence  of  idiocy,  or  other  neuropathic  indication, 
is  in  favour  of  the  neural  nature  of  the  tumours.  The  lateral  position 
of  the  growth  on  the  nerve  is  in  favour  of  its  **  false  "  character. 
The  diagnosis  of  plexiform  neuroma  is  only  possible  when  the  tortuous 
nodular  cords  can  be  felt. 

Prognosis. — This  depends  on  the  existence  of  symptoms.  If  these 
are  absent,  unless  the  tumour  is  of  rapid  growth,  there  is  good  reason 
to  hope  that  tliey  will  not  occur.  In  multiple  (true)  neuromata  the 
nerve  is  less  likely  to  suffer  than  in  isolated  growths.  If  symptoms 
are  present  the  prognosis  is  less  favorable,  and  depends  on  the  ten- 
dency which  they  exhibit  to  increase. 

Treatment. — Medicines  are  useless  except  in  the  syphilitic  forms  of 
nerve-tumour,  not  here  considered.  Extirpation  is  the  only  remedy. 
If  the  tumour  is  lateral,  and  can  be  shelled  out,  the  removal  entails 
Utile  ii2»k.     If,  however,  the  growth  infiltrates  the  substance  of  the 
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ncnre,  the  affected  part  must  be  excised,  and  tbe  ends  bxx)ught 
together.  Tbe  risk  of  permaoent  loss  of  fuDctioD  in  the  nerve  is  great, 
and  in  deciding  on  such  an  operation,  the  urgency  of  the  sjmptonis,  aud 
the  importaDce  of  the  function  of  the  nerve,  must  be  taken  into  consi- 
deration. After  the  extirpation  of  such  tumours,  the  tendency  of  cica- 
tricial processes  in  nerves  to  go  on  to  the  formation  of  similar  growths 
(seen  in  '*  bulbous  nerves  *')  renders  the  chance  of  relapse  considerable. 
Tbe  operation  reproduces  conditions  favorable  for  the  activity  of  what- 
ever  predisposing  influence  aided  in  the  original  development  of  tbe 
disease.  Wben  neuromata  are  multiple,  surgical  treatment  is  out  of 
the  question,  except  for  isolated  tumours  that  cause  distress. 

In  the  case  of  terminal  neuromata— whetber  the  cutaneous  "  tuber- 
cula  dolorosa  "  or  tbe  amputation  neuromata^  excision  is  practictible, 
and  it  is  unattended  with  the  risks  attending  interference  with  a  nerve 
in  its  continuity.  In  amputation  flaps  the  chance  of  a  relapse  is 
considerable. 

In  plexiform  neuroma  excision  is  undesirable,  and  no  other  treat- 
ment is  of  any  use. 

Pain,  and  the  reflex  spasm,  that  are  so  distressing  in  amputation 
neuromata,  need  relief  when  attempts  to  cure  bave  failed.  By  nerve- 
stretching  we  may  perhaps  give  relief  without  the  effects  tbat  follow 
excision,  and  in  cocaine  we  have  a  means  of  arresting  for  a  time  the 
ingoing  impulses  that  play  an  important  part  in  generating  the  sym- 
ptoms.  The  rest  thus  given  to  the  centre  is  absolute,  and  its  degree 
and  frequent  repetition  may  compensate  for  its  brevity. 


DISEASES  OF  SPECIAL  NERVES. 

The  diseases  of  the  cranial  nerves  may  be  most  conveniently 
considered  in  connection  with  the  diseases  of  the  brain.  Here, 
therefore,  only  the  affections  of  the  spinal  nerves  will  be  described, 
in  so  far  as  they  present  special  features.  The  effect  of  paralysis 
of  the  individual  muscles  has  been  already  described  in  detail,  and 
need  not  be  here  repeated,  except  in  general  terms,  or  in  so  far  as  tbe 
association  of  palsies  resulting  from  a  nerve-lesion  presents  a  parti- 
cular character. 

Phbxkio  Nbbvs. — Impaired  function  of  the  phrenic  nerve  is 
commonly  the  result  of  disease  of  the  spinal  cord,  or  of  the  roots  of 
the  nerve  from  disease  of  the  membranes  or  the  bones.  Tbe  deep 
position  of  the  nerve-trunk  protects  it  from  injury,  but  it  is  occasionally 
dami^ed  in  wounds  of  the  neck,  and  in  its  course  through  the  tborax 
it  may  be  compressed  by  tumours,  aneurisms,  Ac,  Paralysis  sometimes 
follows  expoBora  to  cold,  and  is  ascribed  to  neuritis.     Tbis  has  been 
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met  with  in  multiple  neuritis.  la  disease  of  the  spinal  cord  and 
membranes  both  nerves  are  usuallj  paralysed;  causes  acting  on 
the  nerve-trunk  usually  affect  one  only.  The  effect  and  symptom  of 
paralysis  is  inaction  of  the  diaphragm  (see  p.  22).  If  one  nerre  only 
is  affected,  the  diaphragm  does  not  descend  on  that  side,  but  the 
movement  of  the  other  side  lessens  the  resulting  defect  of  movement, 
and  it  can  then  be  detected  only  by  close  observation.  The  loss  of  the 
action  of  the  diaphragm  has  little  effect  on  the  respiratory  functions 
while  the  patient  is  at  rest,  but  dyspnoea  is  said  to  be  readily  pro- 
duced by  exertion  ;  the  breathing  then  becomes  quick  and  the  voice 
feeble.  At  the  same  time  this  is  probably  chiefly  because  too  much 
and  too  constant  work  is  thrown  on  the  upper  thoracic  muscle  of 
extraordinary  breathing.  Any  lung  disease,  such  as  an  attack  of 
bronchitis,  is  rendered  far  more  serious  by  the  diminished  breathing 
power.  Wben  tbe  diaphragm  is  paralysed,  the  movement  of  the 
thorax  is  often  increased,  and  the  expansion  of  the  lower  part  may 
draw  forwards  the  adjacent  abdominal  walL  This  must  not  be  mis- 
taken for  the  effect  of  the  descent  of  tbe  diaphragm.  Paralysis  bas 
to  be  distinguished  from  (1)  abnormal  nervous  breathing.  Tbe  dia- 
phragm is  used  little  in  extraordinary  breathing,  which  is  chiefly  by 
the  upper  part  of  the  thorax,  of  tbe  *'  superior  costal  type,"  as  it  is 
called.  Hysterical  and  nervous  patients  will  often  breathe,  for  a 
time,  only  in  this  manner,  even  when  at  perfect  rest,  especially  when 
they  are  under  observation.  Sucb  breathing  is  no  doubt  facilitated 
in  women  by  the  fact  that  the  diaphragm  is  habitually  used  by  them 
less  than  by  men.  Repeated  examination  may  be  necessary  to  deter- 
mine whether  there  is  any  real  paralysis  of  the  diaphragm  in  these 
cases.  A  single  diaphragmatic  inspiration  settles  the  point.  The 
patient's  attention  should  be  distracted,  and  she  should  not  be  aware 
of  the  object  of  the  examination.  (2)  Inflammation  of  the  diaphragm 
may  arrest  its  movement,  and  so  also  may  diaphragmatic  pleurisy  or 
)>eritonitis — each  distinguished  by  the  fact  that  it  is  usually  secondary 
to  adjacent  inflammation,  and  any  movement,  if  effected,  causes 
characteristic  pain.  (3)  A  primary  and  isolated  degeneration  of  the 
muscular  fibres  of  tbe  diaphragm  has  been  described  by  Callender  and 
others  as  common  aft^er  death,  but  it  has  not  yet  been  proved  to  cause 
such  inaction,  during  life,  as  might  be  confounded  with  paralysis. 

Paralysis  may  be  due  to  disease  of  the  nerve  or  of  the  spinal  cord. 
In  the  latter  case  other  muscles  always  suffer;  in  the  former  the 
diaphragm  usually  suffers  alone  unless  it  is  part  of  multiple  neuritis. 
In  disease  of  the  nerve-roots  there  are  other  indications  of  tho  positiou 
of  the  disease.  The  affection  is  often  overlooked  because  not  searched 
for,  especially  in  disease  of  the  spinal  cord.  The  observer  forgets  that 
its  associations  are  not  with  tbe  lower  dorsal  muscles,  and  he  omits 
to  look  for  it  in  cases  in  which  the  cervical  cord  is  suffering  and  other 
respiratory  muscles  act  well. 

If  there  is  reason  to  suspect  neuritis,  counter-irritation  should  be 
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applied  oyer  the  lower  and  inner  part  of  the  anterior  triangle  of  the 
neck.  The  onlj  other  special  point  in  treatment  is  the  application  of 
electricity.  The  nerve  maj  be  stimulated  bj  pressing  the  rheophore 
deeplj  outside  the  lower  part  of  the  clayicular  portion  of  the  stemo- 
m&stoid.  The  other  pole  may  be  placed  at  the  epigastrium  or  over  the 
corresponding  half  of  the  diaphragm.  But  the  influence  of  electricity 
on  paralysis  of  the  diaphragm  is  not  sufficient  to  make  its  use  desir- 
able. In  the  cases  in  which  such  treatment  could  do  good  the  affec- 
tion is  transient  and  comparatively  unimportant.  In  central  disease 
electricity  has  very  little  influence. 


Nbbvss  of  thb  Uppeb  Limb. 


The  nerves  of  the  arm  and  shoulder  are  derived  from  the  five  lower 
cervical  and  the  first  dorsal  nerves.  These  interlace  in  the  brachial 
plexus  in  such  a  complex  manner  that  most  of  the  nerves  of  the  arm 
are  derived  from  many  spinal  roots. 

The  nerve-roots  form,  hy  their  union,  three  trunks,  which  we  may  indicate  by 
Roman  numerals.  They  are  formed  thus : — I,  hy  the  hranch  from  the  fourth,  and 
the  roots  of  the  fifth  and  sixth  cervical ;  II,  hy  the  seventh ;  and  III,  hy  the  eighth 
cervical  and  the  first  dorsal.  £ach  trunk  divides  into  two  parts,  and  the  union  of 
these  divisions  forms  the  three  cords  of  the  brachial  plexus  from  which  the  nerves 
of  the  arm  proceed.  But  hef ore  the  primary  trunks  divide,  certain  nerves  arise, 
the  origin  of  which  is  thus  lees  doubtful.  The  fifth  and  sixth  cervical  roots  give 
origin  directly  to  the  posterior  thoracic  nerve  for  the  serratus,  and  from  the  cord 
formed  hy  their  union  springs  the  supra-scapular  nerve.  The  three  cords  of  the 
plexus  have  the  following  relations : — The  posterior  is  derived  from  all  three 
primary  trunks,  and  gives  rise  to  the  subscapular  nerve,  the  circumflex,  and  the 
musculo-spiral  (or  radial,  as  the  whole  nerve  is  sometimes  termed).  The  upper 
or  outer  cord  is  derived  from  the  two  upper  primary  trunks,  t.  e.  from  the  f ourth^ 
fifth,  sixth,  and  seventh  cervical  roots,  and  from  it  proceed  one  anterior  thoracic 
and  the  musculo-cutaneous  nerves,  together  with  the  outer  head  of  the  median. 
The  inner  or  lower  cord  ii  derived  only  from  the  lowest  primary  trunk,  i.  e. 
from  the  last  cervical  and  first  dorsal,  and  gives  rise  to  the  ulnar,  the  inner 
head  of  the  median,  the  internal  cutaneous,  the  intercosto-humeral,  and  to  the 
second  anterior  thoracic  nerves.  It  may  be  convenient  to  put  these  coarse 
anatomical  relations  in  the  form  of  a  table. 
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Primary  Trunk»» 
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III. 
,8C.x 


Nerves, 


-Q  r  ^^*®"**1  ^^^'  thoracic. 
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cord 


Lower 
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(  median* 
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Internal  ant.  thoracic 
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These  anatomical  facts,  however,  give  as  little  help  in  tracing  the  relation  of 
the  nerves  to  the  spinal  roots.  The  investigations  of  Ferrier  and  Yeo,*.  who 
ascertained  the  movements  produced  bjfaradising  the  several  spinal  roots  in  the 
monkey,  show  us  the  way  in  which  the  movements,  muscles,  and  nerves  are 
represented  in  the  spinal  roots.  Their  results  are  therefore  of  great  interest, 
although  we  are  not  justified  in  transferring  the  facts  to  man  except  in  so  far 
as  thej  receive  confirmation  from  human  anatomy  and  pathology .f  Subject  to 
this  reservation,  the  chief  results  are  impoiiant,  and  may  be  thus  stated.^ 

The  roots  to  which  the  sevei-al  nerves  are  thus  traced  are  as  follows :  Sub- 
scapular, 6  and  7  C. ;  circumflex,  4  and  5  C. ;  musculo-spiral,  4,  5,  6,  7»  8  C. ; 
muHculo-cutaneons,  4,  5  C. ;  median,  5,  6,  7>  8  C. ;  ulnar,  8  C.»  1  D. 

Still  more  important  are  their  obnervations  on  the  relation  of  various  move- 
ments of  the  arm  to  the  nerve-roots,  and  these  are  as  follows  : 

Cervical  4. — Elevation  and  retraction  of  the  arm,  flexion  and  supination  of 
the  forearm  ;  by  the  rhomboids,  supra-  and  infra-spinatui,  biceps,  brachialis, 
and  supinators. 

Cervical  5. — Similar  to  the  last,  but  without  retraction  of  the  arm,  and  with 
extension  of  the  wrist  and  first  phalanges ;  by  the  deltoid,  serratus,  flexors  of 
elbow,  extensors  of  wrist,  and  long  extensors  of  fingers. 

Cervical  6. — Adduction  and  retraction  of  the  upper  arm,  extension  and  pro- 
nation of  the  foi'earm,  flexion  of  the  wrist ;  by  contraction  of  the  pectoralis, 
latissimus  dorsi,  triceps,  flexors  of  wrist,  pronators. 

CerviecU  7. — Adduction  and  rotation  inwards  at  the  shoulder-joint,  flexion  of 
the  wrist,  and  of  the  fingers  at  the  second  phalanx ;  by  the  teres  major, 
latissimus  dorsi,  suhscapularis,  triceps,  and  long  flexors  of  the  fingers. 

Cervical  8. — Flexion  of  fingers  and  thumb  so  as  to  close  the  fist;  flexion  of 
wrist  towards  the  ulnar  side,  pronation  of  forearm,  extension  of  elbow  ;  by  the 
intrinsic  muscles  of  the  hand,  the  long  flexors  of  the  fingers  and  thumb,  the 
flexors  of  the  wrist,  and  the  triceps. 

Dorsal  1. — Adduction  of  the  thumb,  flexion  of  the  fingers  at  the  metacarpo- 
phalangeal joints ;  by  the  interoesei,  &o. 

Thus  most  movements  are  related  to  many  spinal  roots.  The  most  important 
relations  are  these :  that  of  the  deltoid,  rhomboids,  supra-  and  inf ra-spinatus, 
flexors  of  the  elbow,  and  supinators,  to  the  fourth  and  fifth  cervical ;  that  of  the 
adductors  of  the  arm  and  extensors  of  the  elbow  to  the  rixth  and  seventh  nerves ; 
pronation  to  the  sixth  and  eighth  ;  extension  of  the  wrist  to  the  fifth  ;  flexion 
to  the  eighth  ;  extension  of  the  first  phalanx  to  the  fifth  ;  flexion  of  the  fingers 
to  the  seventh  and  eighth,  and  the  action  of  the  intrinsic  muscles  of  the  hand 
to  the  first  dorsal.  These  facts  will  probably,  in  the  future,  find  important 
practical  applications. 

lieganling  the  relation  of  the  sensory  branches  to  the  nerye-roots,  we  have 

*  '  Proc  Roy.  See.,'  March  21,  1881.  Careful  dieseotions  by  Herringbaro  (cf. 
March  25th,  1887)  give  somewhat  different  results,  bat  this  method  of  inyeatigation 
is  open  to  more  uncertainties  thnn  that  of  stimulation.  Herringham's  conclusions 
sbouiH,  however,  be  noted  by  future  investigators. 

t  III  the  case  of  the  leg  there  are  some  important  discrepancies  between  the 
result!*  in  the  npi*  and  the  conditions  that  obtain  in  man.  These  will  be  noticed  in 
ttietr  proper  place. 

X  Kerrier  has  since  stated  thnt  the  relations  he  gave  (followed  in  the  text)  were  all 
one  nerve  too  high  ('  Proc.  Roy.  Soc.,'  1883,  vol.  xxxv,  p.  229),  but  this  would  make 
the  innervation  of  the  intrinsic  muscles  of  the  hand  from  the  second  dorsal  nenre^ 
wliich  is  certainly  not  the  case  in  man. 


• 
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besides  the  facte  of  anatomy,  only  the  evidence  fumiflhed  by  rare  caseft  of 
injury  or  disease  in  which  the  lesion  and  its  effects  are  well-defined.*  Few 
facts  of  this  character  are,  however,  so  conolnsive  as  that  illustrated  in  Fig.  61,  in 
which  the  area  shaded  by  slanting  lines  was  rendered  aniesthetio  by  the  division 
of  the  posterior  roots  of  the  last  cervical  and  first  dorsal  nerves.  The  general 
indications  are  that  the  distribution  of  the  sensory  fibres  of  the  nerve -roots  is 
along  the  axis  of  the  limb  and  not  across  it.  The  last  two  pain  of  nerves 
supply  the  ulnar  side  of  the  limb  and  the  finger  tips,  the  fifth  pair  the  radial 
side  and  the  middle  roots  of  the  brachial  plexus,  the  middle  zone  of  each  side  of 
the  limb  and  the  thumb.f 


Fie.  51. — Area  of  impaired  seDsation  after  division  of  the  posterior 
branches  of  the  8th  C.  and  1  D.  nerves,  by  Professor  Horsley  for  inveterate 
paroxysmal  neuralgia  in  that  region. 

Paxalysis  of  the  nerres  of  the  upper  limb  may  be  due  to  disease  of 
tlie  nerve-roots,  of  the  plexus,  or  of  the  trunks  that  arise  from  these. 
It  is  convenient  to  consider,  first,  the  diseases  of  the  nerve-trunks,  and 
afterwards  those  of  the  nerve-roots  and  of  the  plexus.  From  the 
roots  themselves  only  one  important  nerve-trunk  is  derived:  the  pos« 
terior  thoracic  nerve.     The  others  spring  from  the  plexus. 

The  morbid  influences  that  affect  the  nerves  of  the  arm  are  very 
▼aried.  The  brachial  plexus  passes  close  to  the  shoulder- joint,  and 
hence  dislocation  often  damages  the  nerves,  sometimes  one  only,  some- 
times several,  and  occasionally  all  the  trunks.  In  fractures  of  the 
bones,  the  nerves  adjacent  may  be  torn,  or  may  be  compressed  by 
the  ends  of  the  bone,  or  by  the  callus  that  is  formed,  or  by  bandages 
that  are  applied.  The  course  of  certain  nerves  is,  in  some  parts  of 
the  arm,  especially  apt  to  be  the  seat  of  wounds  of  various  kinds. 
They  may  be  compressed  by  cicatricial  fibrous  tissue  when  the 
wound  is  merely  near  the  nerves,  while  the  position  of  some  exposes 
them  to  pressure  against  the  unyielding  bone.  Even  slight  pressure 
on  these  nerves  is  effective  when  prolonged,  as  it  often  is  during 
sleep,  when  warning  sensations  are  unperceived.  The  sleep  induced 
by  alcohol  is  especially  apt  to  be  attended  by  this  accident.  Hence 
there  is  a  group  of  "  Sleep-paUies  "  of  the  arm,  chiefly  of  the  musculo- 
spiral  and  median  nerves,  rarely  of  the  plexus  itself. 

*  Instructive  facts  of  this  character  will  be  found  in  papers  by  Thorbam, 
Brain,'  January,  18S7,  and  October,  1887. 

f  This  is  dne  to  the  mode  uf  growth  of  the  arm-bud  in  the  embryo;  as 
shown  by  Ross  in  a  most  instructive  paper,  'firain,*  January  7th,  1888.  See 
also  chapter  on  the  Functions  of  the  Spinal  Cord. 

YOL.  I.  6 
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Primarr  nenrxtis  maj  iaToIre  mnj  nerre.  or  tiie  in/^himl  plemt,  or 
the  n<>rre-roof • ;  eenam  nerrci  also  toffer  is  BTiIciple  neuritis. 
Seeoadsuj  neoritia.  •«!  up  bj  injurj  or  bj  mii'aeent  mfiammation, 
mar  exxead  opvariArand,  readiiog  the  plexiu,  i^nad  to  other  nerres. 
^^eoromata  are  fare.  Tariotia  morbid  proeeaKa  ni  the  neck  maT  inTolTe 
the  nerre-r.^ou.  3rec:Tit2a  of  the  plexoa,  and  the  nuildple  form,  are 
ae(«ratelT  di^^sribtti. 

PMtferidr  IXoroAc  JT-frre — 2r«n«  la  ike  Semtma, — ^In  eonseqnenGe 
of  ha  poizrioQ  and  loc:^  co<3r»e.  the  nerre  to  the  nerratos  oft«ii  inffen. 
After  be^nz  formed  in  the  ribstazice  of  the  aoJenna  medraa  muicle, 
hj  the  Txnion  of  braoehea  of  tike  fifth  aad  sLith  cerrieal  nerrea,  it  passes 
behind  the  bra«:hial  plexm  and  ak>n^  the  side  of  the  cheat  to  the 
lovufT  borier  of  its  mcuele.  It  ia  in  the  Deck  that  the  nerre  is  most 
ofseti  injtET^d.  It  maj  be  •Lfcmace«i  th<ze  bj  dir«et  preaamv? — as  in 
earrris*  .>n  the  thoclder  a  heaTj  sharp-^-orcjere*!  object— or  br  aerere 
viTacfi'jaLr  ef!.>ru.  sTieh  as  carrjin^  a  weight  thiU  dues  not  press  into 
the  neck,  wie^Ming  a  heavT  bunmer.  or  lacq-^aa^ds^l  exertion  with 
the  raide^i  arm,  ai«  for  insZAHi&t,  in  viit'rvaaixnz  a  ctslinx-  In  such 
cues  a  tra-'.Tra&iie  n-^urltij  U  aet  np  bj  the  riosent  compression  of  the 
neire  e«>nici:^>»Tit  on  the  ford  tie  or  proiv^^eii  co2.tra<:tioa  of  the  mus- 
cLe-  throi^  vbieh  it  paiws.  When  tbe  cr-^et  of  the  (^alsr  occars 
imnietiuuelT  on  the  exeni^^n,  a  pttraljimg  ^^j^^Tf  ^  ^^  nerre  mast 
kkve  oec^rre*^,  which  will  be  foLoweii  br  sec»>ni&rr  ik»iritijL  Falls 
and  c  lows  on  th>  neck  ac-i  shocil  i«r  ar«  o<»*asi-3c;&I  ca;ijei ;  there  is 
jLi^zjUj  dTi-^L  br:ds-.=H^  of  th>  ad;;kcent  paru.  Pcn^rtared  and  gon* 
»&:c  wo'ir.-i*  occasi-i'tAllT  involxe  tie  nerre.  The  least  freqaent 
caoje  is  exT*jsare  to  «:>ld,  s:ica  as  a  dr&-:ij^t  oa  the  neck,  or 
slrer-'^r:?  oc  tiaicp  <?arth.  I  hare  ocee  kiown  it  to  follow  f^ar- 
taer.tioc,  derelopi^g  f^-'Sr  d^js  ^fz^rm-^r^iu  dccbiiesa  from  nenritis 
exa:e«i  ei;ier  br  the  oTiscnl&r  exirtic-G,  or  br  exT-:«*are  of  the  oeck  to 
<c-«ii  ^"iirir;;  the  lkr*%ar.  Tbe  serrkt^is  s-if  ers  i.ls>  in  eentrsl  disease, 
iTJ^ytgy  ii  pr>CTva*iTe  otiicdar  Atr^phj  ani  iz.ikE.ti2e  pskralrsis ;  bat 
in  these  it  is  alwajs  asiociated  with  ralsT  of  c*ccer  musirlea.  Isolated 
r^kTklTsis  v-f  their  nerres  is  sire  tidies  as  fTvr>:ie=.t  in  men  as  in  women. 
It  conn  eh  edj  in  miiscTilkr  worierj,  acd  iirlzi^  the  actire  perio«l  of 
Idi,  twe=.:T-iTe  to  forrr  Tie  is^^-^^iiAte  ca"=je»  sa£o;entIr  expbun 
tiia  leLAtic-c  to  ije  ani  sex.  ar-i  ti-rj  also  s,>5L'-^it  fi-r  another  fact — 
ti^LS  n  js  far  a-c^v  freq'sect  on  the  r^it  sieic  tzaa  oa  tie  left.  It  is 
»-'^'*<?:^«^  tL^Ccrkl,  b=t  tie  two  nerres  ar*  Zfev<sr  dazisoed  at  the  same 
tL=*-  C*=.e  man  was  affected  o^  tie  r^t  &ie  after  carrr-Dg  bearj 
b<f^k=is  cc  lie  sh->i.l>>rr :  he  ti^=  carr.ed  then  on  tie  left  shoalder, 
az.»i  tie  Lef:  *«r*r:is  'ce'.';i=:e  T.irk>*eii. 

SeT-Ke  z^'znlu^:  zt^tzi  in  tie  i>r*,*k  ar. :  ar»- -zt  the  si  ■  ■::!  3er  eckmrnonlr 
rr«-^"eie  ar  i  aw-^:nT^a:L▼  :h-*  :rsc-t  of  tie a5?^ ■::>:-  wiec  doe  to  nearitia. 
Ti.-r  #T=T':C'Cis  of  the  r^knlxs-s  of  the  serraciLS  har*  re«rn  aInaadT  de- 
«  ri  ted  J ,  fS*  .  I:  is  rv? a-i  >  r!?\\>,;:iii»rd  bj  t if*  rec^wsi  .-•n  of  the  posterior 
<*i^  ci  tirr  sdT-La  tiK,—  tie  thonx  vbez  tie  ars  is  |^t  forwaida 
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(Fig.  8,  p.  29).  In  severe  cases  the  muscle  is  found  to  haye  lost  fara- 
die  irritabilitj,  although  it  maj  still  contract  to  the  voltaic  current. 

The  course  of  a  severe  case  is  always  tedious.  Months  maj  pass 
before  improvement  is  manifested,  and  the  paralysis  is  sometimes  per- 
manent. In  treatment  it  is  desirable  to  maintain  the  nutrition  of  the 
muscle,  as  far  as  possible,  by  electrical  stimulation,  and  its  superficial 
situation  renders  this  easy.  If  counter-irritation  is  desirable,  it  should 
be  applied  over  the  position  of  the  scalenus,  since  the  lesion  of  the 
nerve  is  commonly  at  this  place.  The  use  of  the  arm  should  be 
bmited.  When  practicable,  the  elbow  should  be  carried  in  a  sling  of 
such  a  length  as  slightly  to  raise  the  shoulder.  All  movements  that 
may  involve  contraction  of  the  scalenus,  t.  e.  all  movements  needing 
elevation  of  the  shoulder,  must  be  prohibited. 

The  Suprc^scapular  nerve  arises  from  the  trunk  formed  by  the 
union  of  the  sixth,  fifth,  and  a  branch  of  the  fourth  cervical  nerves, 
bat  its  fibres  come  from  the  fifth  and  partly  from  the  fourth.  It  is 
occasionally  damaged  alone,  or  with  the  circumflex,  in  dislocation 
of  the  humerus,  and  by  falls  on  the  shoulder,  and  by  carrying 
heavy  weights.  In  some  cases  the  injury  may  be  to  the  upper  part 
of  the  plexus  (see  p.  91).  which  may  recover  except  this  nerve.  The 
result  of  its  disease  is  palsy  of  the  supra-  and  infra-spinatus  (p.  80). 
The  latter  is  the  more  important,  and  causes  a  defect  of  the  rotation 
outwards  of  the  humerus,  interfering  with  many  movements,  and, 
among  others,  with  the  movement  of  the  pen  along  the  line  in  writing. 
Undue  work  is  thrown  on  the  posterior  part  of  the  deltoid  and  the 
teres  minor ;  the  deltoid  may  become  hypertrophied,  and  its  poste- 
rior edge  is  conspicuous  against  the  wasted  infra-spinatus.  The 
scapula  is  rotated,  so  that  the  lower  angle  is  moved  upwards  and 
inwards.  The  paralysis  of  the  supra-spinatus  is  unimportant,  except 
that  the  humerus  is  less  firmly  fixed  and  the  deltoid  more  readily 
fatigued.  It  can,  in  very  slight  degree,  supplement  the  deltoid,  and 
if  paralysed  with  the  deltoid,  the  head  of  the  humerus  falls  more  than 
it  does  when  the  deltoid  is  paralysed  alone.  Some  ansBsthesia  over 
the  scapula  often  results  from  disease  of  this  nerve. 

The  Circumflex  nerve,  although  arising  from  the  posterior  cord  of 
the  plexus,  seems  to  derive  its  fibres  from  the  same  source  as  the 
supra- scapnlar,  the  fourth  and  filth  cervical  nerves.  It  supplies  the 
deltoid  and  teres  minor,  and  the  skin  over  the  deltoid.  The  course 
of  the  nerve  renders  it  very  liable  to  injury  from  dislocations  and  falls 
on  the  shoulder,  and  from  the  pressure  of  a  crutch.  Simple  neuritis 
and  so-called  **  rheumatic  palsy  "  are  rare,  but  the  nerve  has  been 
affected  in  some  acute  diseases,  possibly  from  pressure,  and  in  rheumatic 
fever,  perhaps  by  inflammation  extending  from  the  joint.  It  suffers, 
with  other  nerves,  from  disease  of  the  upper  part  of  the  brachial 
plexus. 

The  chief  symptom  is  paralysis  of  the  deltoid  (p.  29),  which  abolishes 
almost  all  power  of  raising  the  arm,  a  very  trifling  degree  of  abduc- 
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tion  bj  the  f  apra-iapiiiatiu  ^loce  remainiog.  The  slight  Derre-supplj 
that  the  ioT*'.'\aa\  of  the  d«lto;<l  iw:eiT-«  from  one  of  the  anterior 
thoracic  nerres  is  insuificieBt  to  miti^ce  the  effect  of  the  paralysis  of 
the  circumflex,  although  it  mar  main  tain  slight  fiower  of  Yoluntarj 
contraction  in  the  anterior  fii  r&s,  and  this  •ometimes  criTes  rise  to  an 
erroneoos  impression  that  the  para  rns  of  the  circumflex  nerre  is  in- 
•       ^  compl«c:tfr.    The  effect  of  the  conjoined  palsj  of 

^  the  tere*  miz»or  is  •miti.i^jrtant.     The  watitiiig 

of  th-r  delt"i-)  f±^i^%  a  chiDge  in  the  shape  of 
the  sh- -alder  (Figi.  7  and  9;.     Senitation  may 
'\  be  lost  in  the  skin  orer  the  lower  part  of  the 

moscle,  and  the  lo§s  s«>metime8  extends  oo  to 
the  shoulder  ( Fig.  53).  In  some  ca^es  then*  is 
no  anses:hesLa,eTen  when  the  muscle  is  wholly 
paraljs^;  ve  hare  Sirtrn  that  this  is  often  the 
case  in  nerTf.le»io:^f  'p.  6^)).  Adhesions  are 
apt  to  form  in  tLC  shoulder-joint,  in  part  pro- 
bably the  result  of  trophic  changes,  ^ince  the 
circomfl^rx  nippli*^  the  articulation  as  well  as 
the  chief  muscle  tkit  m>.'T*ra  it. 
il^       Thi^  dLign<>sis  of  the  pAralysis  of  the  cir- 

The  ooly  condition 
is  anchvlosis  of   the 


\\l    i. 

111.  :    ' : 


Fic.  $♦— 1>: 


of 


nerre 


frr*m  eumflex  nerre  is   ea^y. 

trnm-iieiiritu  dnrit^g  rea-lilr  mi^taken  for  it 

acatc -.llBMS ;  vmst:nff  of 

dtvdkl.  The  dvt:cd  .ioe   shouMer-j'>:nt  in  a  stout  mdiridtial,  in  whom 
indirmstt  the  an«  of  ctt-   |i,e  State  i-f  nutrition  of  the  muscle  is  not  readilr 

perceiTtr^l.  The  ri»k  of  error  is  iiicreased  by  tbe 
fact  that  arthritis  and  paralysis  may  rv>ult  iroin  the  sime  cause — a  fall 
on  the  shoulder.  Pa»siTe  moTement  at  ot.ce  S'Ores  the  problem.  Tbe 
scapula  uioTcs  with  the  arm  in  ancbylor^is.  acd  not  in  palsy.  The 
imp  trtance  of  examining  tbe  joint  is  verr  grvat  in  all  esses  of  inter- 
fevence  with  morement  of  tbe  sLouller.  A  latient  h.id  an  epileptic 
fit  which  Was  supposed  to  hare  left  brachial  m-nople^riii,  m-ivly  because 
he  fell  on  the  shoulder,  and  the  nioTemtrut  of  the  arm  was  lessened  first 
by  pain,  and  then  by  arthritic  adhe$io:.s. 

Tlc  JfajciiiO'CMiaM^oM  M^rr«  supi>l:es  the  chief  flexors  of  the  elbow 
and  the  skin  orer  the  radial  side  of  the  furearm.  It  is  scaroelr  ever 
paralysed  alone,  but  often  suffers,  with  other  iierres,  in  disease  of  tbe 
bimchial  plexus.  The  symptoms  corresp-i^nd  to  its  function ;  there  is 
f^aralysis  of  the  biceps  and  brachial  is  (see  pp.  32,  33).  the  effect  of 
which  is  especially  coDsi>icuons  when  the  arm  is  supinatetl  and  the 
supinator  lonvrus  caonot  flex  the  ell'ow.  Tbere  may  also  be  anaesthesia 
of  the  Tadial  side  of  the  forearm,  front  and  ba4.-k. 

The  MiucmlO'9piral  nerrt  is  more  frequently  paralysed  alone  than 
any  other  nerve  of  the  aim.  Arising  from  tbe  fosterior  cord  of 
the  brachial  plexus,  it  seems  to  derive  its  mr>tor  fibres  from  all  the 
nerTe-rxx)t«  that  enter  the  plexus  ex«^pt  the  fir>t  dorsal.  It  supplies 
the  triceps,  all  the  muscles  on  the  back  of  the  forearm,  the  extensors 
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of  the  wrist  and  fingers,  both  the  supinators,  also  the  skin  on  the 
radial  side  of  the  back  of  the  hand,  the  back  of  the  thumb,  index 
finger,  and  half  ihe  middle  finger.  It  is  thus  the  extensor  nerve  of 
the  arm,  and  has  a  more  complete  relation  to  a  single  function  than 
is  common  among  the  nerves  of  the  limbs  ;  a  fact  that  has  given  rise 
to  dia^ostic  error,  since  a  palsy  limited  to  a  single  function  suggests 
a  central  cause.  The  frequency  with  which  this  nerve  suffers  is  due 
to  its  course.  As  it  leaves  the  brachial  plexus  to  wind  round  the  bone, 
its  position  exposes  it  to  injury  in  dislocation  or  from  the  pressure  of 
a  crutch ;  the  most  common  form  of  "  crutch  palsy "  is  paralysis  of 
this  nerve.  Lying  as  it  does  close  to  the  humerus,  it  is  readily  torn 
in  fracture,  or  compressed  by  callus,  and  it  suffers  g^vely  from  even 
temporary  pressure  against  the  hard  bone.  Such  pressure  is  often 
exerted  during  sleep.  The  nerve  may  be  paralysed  by  the  pressure  to 
which  it  is  exposed  when  the  body,  with  the  arm  beneath  it,  rests  on 
the  ground  or  on  a  hard  bed.  Thus,  a  man  slept  all  night  on  a  bench, 
lying  on  his  right  side  with  his  arm  beneath  him,  and  woke  in  the 
morning  with  this  nerve  paralysed.  Curiously,  a  precisely  similar  event 
bad  occurred  to  him  three  years  before.  In  other  cases  the  pressure 
on  the  nerve  is  that  of  a  hard  and  sharp  object  over  which  the  arm  is 
placed  during  sleep,  as  the  edge  of  a  chair  or  the  side  of  a  couch. 
The  Continental  custom  of  tying  together,  behind  the  body,  the  arms 
of  a  prisoner,  often  causes  paralysis  of  this  nerve,  sometimes  on  both 
sides.  In  Bussia  it  is  not  uncommon  in  infants,  from  the  popular 
practice  of  binding  the  arms  to  the  body  and  then  laying  the  child  to 
sleep  on  its  side.  I  have  three  times  seen  paralysis  from  a  violent 
contraction  of  the  triceps,  once  during  the  act  of  pulling  on  a  tight 
pair  of  boots,  once  from  throwing  a  stone  with  energy,  and  once  from 
grasping  a  lamp-post  to  avoid  a  fall  during  a  severe  attack  of  giddi- 
ness In  each  the  nerve  was  at  once  completely  paralysed ;  and  in  the 
second,  in  which  the  palsy  was  severe,  a  bruised  appearance  was  ob- 
served over  the  lower  part  of  the  triceps.  Neuritis  due  to  cold  is  often 
assumed  to  be  a  cause,  and  is  possibly  sometimes  effective,  but  the 
exposure  has  usually  been  during  alcoholic  sleep,  and  it  is  probable  that 
the  paralysis  is  due  to  compression  rather  than  to  cold.  The  same 
influence  may  also  have  been  operative  in  cases  in  which  the  nerve  has 
been  paralysed  during  an  acute  disease.  Although  in  a  case  of  para- 
lysis during  typhus,  described  by  Bernhardt,  neuritis  was  found  after 
death,  this  was  at  the  spot  at  which  pressure  is  usually  effective,  and 
the  inflammation  was  probably  thus  excited.  Pressure  always  sets 
up  neuritis,  and  the  diagnosis  of  a  primary  neuritis  is  never  justified 
if  the  spot  affected  is  one  liable  to  compression. 

The  symptoms  of  disease  of  the  musculo-spiral  nerve  are  paralysis 
of  the  extensors  of  the  elbow  and  of  the  wiist,  the  long  extensors  of  the 
fingers  and  thumb,  and  the  supinators  (see  pp.  33,  34).  All  these  are 
par.ilysed  by  a  complete  lesion  of  the  nerve  near  the  brachial  plexus. 
When  the  lesion  is  near  the  middle  of  the  humerus,  as  it  is  in  most 
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OT^KfHi  of  ootnprfYHMion,  the  tricepn  generallj  escapes,  but  not  alwayp. 
Thp  nupltiHtus  lofiguA  is  nsoallj  paralysed,  but  ettcapes  if  the  lesion 
is  Wtow  the  origin  of  its  branch,  and  maj  also  escape  if  the  injury  to 
th<^  \\^v^9  is  incomplete.  In  sle€*p  palsj  it  usually  suffers,  but  I  have 
w^Mi  it  unAffo<;i<'df  in  a  case  in  which  the  ext.  carpi  radialis  was  also 
but  littloaiTtH^UKl,  and  Bernhardt  has  noted  the  escape  of  the  supinator 
in  MX  othrrwiiio  ooinplrte  paralysis  from  dislocation  of  the  humerus. 
Tht?  ^xit^tiBor  palsy  causes  characteristic  wrist-drop,  and  loss  of  the 
(vwxM'  of  oxtonding  the  Brst  phalanges  of  the  fingers  and  the  thumb 
(iHH»  p.  34).  There  is  sometimes  a  gradation  of  palsy  from  the  first 
Ai^^ri  in  which  it  is  least,  to  the  fourth,  in  which  it  is  greatest  (Fig. 
&4).  The  same  gradation  is  seen  in  lead  palsy,  &c.  It  is  not  easy  to 
explain.  The  action  of  the  flexors  is  feeble,  from  the  loss  of  antergic 
•up|H>rt;  in  most  cases  of  complete  palsy  I  have  found  the  power  of 
fhextou  n'duoed  from  this  cause  to  one  third  of  the  normal.  The  loss 
of  tho  (H>wer  of  supination  is  a  grave  inconvenience.  If  an  object  is 
gnu|Mdrl  firmly  the  arm  becomes  pronated.  The  patient  tries  to  com- 
|«n«ate  for  the  loss  hy  putting  the  elbow  against  the  side  and  rotating 


Wk  S3. — Pinilytit  of  the  masoulo-tpinil  nerve;  miizfiniiiB  eztention  of 
wri«t  ttitd  fin^i^ers.  The  extension  of  the  fln^rs  progrtWTelj  diminUhee 
frvHB  the  first  to  the  fourth.     (From  a  photograph.) 

ta.«  humerus.    The  pronators  may  ultimately  bec*ome  shortened.    The 
<i>v\er-fl«^xion  of  the  carpus,  and  its  deficient  support  by  the  extensor 

tendons,  lesids  to  a  pro- 
minence of  synoyial  sacs, 
and  perhaps  of  the  bones, 
at  the  back  of  the  carpus 
(Fi^.  55).  In  severe  cases 
the  muscles  waste,  and  the 
maximum  circumference  of 
the  limb  below  the  elbow 

m;  >%-IS:min^iic.«tWkof  hindfrom  par*,  may  be  a  quarter  or  half  an 
tvsi«  ff  rh/e  i^xt^nfors.    The  patient  wa«  tnfft-rin?  inch  less  than  on  the  other 
T-^HC-^ir-vp  doe  to  tilver-poitoning  (eee  vol.    ^^^     jj^^  electrical  reac- 

tions  depend  on  the  seve- 
zli^  l-s:>nof  the  nerve;  commonly  there  is  well-marked  degene- 
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rative  reaction.  The  affection  of  sensibility  in  the  area  supplied  by 
the  nerre  is  very  yariable.  The  skin  of  the  upper  arm  rarely  loses 
feeling ;  in  the  hand  sensation  may  be  normal,  although  the  muscular 
paralysis  is  complete.  There  may  be  subjective  '*  tingling  "  in  the  part 
although  there  is  no  loss  of  sensibility. 

The  diagnosis  is  easy  in  most  cases.  The  affection  is  distinguished 
from  lead  palsy  by  its  common  limitation  to  one  arm,  by  the  affec- 
tion of  the  supinator,  and  often  by  the  sudden  onset ;  that  from  lead 
is  gradual.  These  characters,  and  the  commonly  obtrusive  cause, 
always  suffice  for  the  diagnosis.  It  must  be  remembered,  however, 
that  this  nerve  is  one  most  frequently  affected  in  many  other  forms  of 
multiple  neuritis  (g.  v.).  The  prognosis  in  disease  of  the  musculo- 
spiral  nerve  depends  on  the  severity  of  the  lesion,  as  indicated  by  the 
electrical  reaction.  When  there  is  evidence  of  nerve-degeneration  the 
paralysis  usually  lasts  for  some  months.  Recovery  ultimately  occurs 
in  almost  all  cases.  The  treatment  is  that  for  neuritis,  already 
described,  but  attention  should  be  paid  to  the  posture  of  the  limb,  so 
aa  to  avoid  tension  ou  the  affected  part  of  the  nerve.  For  this  reason, 
and  also  because  strong  contraction  of  the  triceps  may  further  injure 
the  nerve,  extension  of  the  elbow  should  be  avoided  in  cases  of  lesion 
of  the  nerve  as  it  winds  round  the  humerus. 

The  Median  nerve  supplies  the  pronators,  the  radial  flexor  of  the 
wrist,  the  flexors  of  the  fingers  (except  the  ulnar  half  of  the  deep 
flexor),  the  muscles  that  abduct  and  flex  the  thumb,  and  the  two 
radial  lumbricales.  Its  motor  fibres  seem  to  have  an  extensive  origin 
from  all  the  cervical  roots  that  enter  the  brachial  plexus.  It  subserves 
sensation  on  the  radial  side  of  the  palm,  on  the  front  of  the  thumb, 
of  the  first  two  fingers,  and  of  half  the  third  finger,  and  also,  at  least 
in  many  persons,  on  the  back  of  the  last  phalanx  of  the  index  and 
middle  finger ;  sometimes  also  on  the  adjacent  part  of  the  back  of  the 
ring  finger  and  the  back  of  the  last  phalanx  of  the  thumb.  Isolated 
palsy  of  this  nerve  is  not  frequent,  and  generally  results  from  wounds 
of  the  forearm,  or  fractures  of  the  forearm  bones,  rarely  from  injuries 
in  the  upper  arm.  The  nerve  is  occasionally  the  seat  of  neuritis, 
which  may  be  induced  by  compression,  especially  in  those  who,  in 
their  work,  have  to  hold  an  object  between  the  hand  and  upper  arm. 
I  have  known  it  to  be  paralysed  at  the  wrist  a  few  hours  after  a  severe 
sprain  of  this  joint.  Webber  has  recorded  a  case  in  which  it  seemed 
to  be  injured  by  a  violent  contraction  of  the  pronator  teres.  When 
there  is  complete  damage  to  the  nerve,  pronation  is  impossible  beyond 
the  mid-position,  to  which  the  supinator  longus  can  bring  the  forearm, 
and  an  attempt  is  made  to  supplement  this  by  rotating  the  humerus 
inwards,  and  separating  the  elbow  from  the  side.  The  wrist  can  only 
be  flexed  with  a  strong  inclination  towards  the  ulnar  side.  The 
thumb  is  in  persistent  extension  and  adduction  (like  the  thumb  of  the 
ape.  Figs.  22  and  23,  p.  38),  and  cannot  be  opposed  to  the  tips  of  the 
fingers.     The  power  of  flexing  the  second  phalanges  on  the  first  is  lost. 
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and  also  tbat  of  flexing  the  distal  phalanx  of  the  first  and  second 
fingers,  but  this  phalanx  can  still  be  flexed  in  the  third  and  fourth 
fingers,  bj  the  ulnar  half  of  the  flexor  profundus  (see  p.  29).  Inter- 
osseal  flexion  of  the  first  phalanx  is  still  possible,  and  the  unopposed 
extensor  action  of  the  interossei  on  the  middle  and  distal  phalanges 
tends  to  cause  a  subluxation  of  the  articulations  concerned.  The 
wasting  of  the  thenar  muscles  is  usually  conspicuous.  The  resulting 
condition  is  very  characteristic,  but  if  the  damage  is  at  the  wrist 
flexion  of  the  wrist  and  distal  phalanges  remains.  The  sensory  loss  is 
variable ;  it  may  be  absolute  or  absent.  If  there  is  ansBstbesia  it  is 
greater  on  the  palmar  surface,  and  will  often  be  found  also  on  the 
dorsal  aspect  of  the  extremities  of  the  first  two  fingers. 

The  Ulnar  nerve  comes,  through  the  inner  cord  of  the  plexus,  from 
the  last  cervical  and  first  dorsal  roots,  and  its  origin  from  the  lowest 
part  of  the  cervical  enlargement  gives  it  an  important  relation,  since  it 
is  the  first  of  all  the  brachial  nerves  to  be  affected  bv  disease  that 
ascends  from  the  dorsal  to  the  cervical  region  of  the  spinal  cord.  The 
nerve  supplies  the  ulnar  flexor  of  tbe  wrist,  the  ulnar  half  of  the  deep 
flexor  of  the  fingers,  the  muscles  of  the  little  finger,  the  interossei, 
some  of  tbe  lumbricales,  the  adductor  and  inner  head  of  the  short  flexor 
of  the  thumb.  Its  sensory  area  is  the  ulnar  side  of  the  hand,  back 
and  front,  generally  more  extensive  on  tbe  back  (two  fingers  and  a 
half)  than  on  the  front  (one  finger  and  a  half).  Tbe  course  of  the 
nerve,  superficial  behind  the  elbow  and  at  the  wrist,  renders  it  liable 
to  separate  injury.  It  is  often  implicated  in  wounds  of  the  forearm, 
and  about  the  elbow-joint,  bj  dislocations  of  the  shoulder  and  elbow, 
enlargement  of  the  elbow  bones,  and  by  fractures  of  the  bones  of  the 
forearm.  It  is  occasionally  the  seat  of  neuritis,  and,  like  the  musculo- 
spiral  nerve,  it  is  sometimes  paralysed  by  pressure.  At  the  elbow,  the 
projecting  bones  preserve  the  nerve  from  direct  pressure ;  although 
Duchenne  describes  paralysis  in  men  who,  while  at  work,  rest  the  bent 
elbow  on  a  hard  substance,  this  mechanism  is  certainly  rare.  It  is  much 
more  common  for  the  nerve  to  suffer  in  long-continued  flexion  of  the 
elbow,  without  external  pressure;  and  from  this  cause  the  nerve  is 
sometimes  paralysed  during  sleep.  I  have  three  times  seen  a  sleep 
palsy  of  the  ulnar  nerve.  The  tension  may  set  up  neuritis,  and  is 
Especially  effective  if  the  resistance  of  the  tissues  to  morbid  influences 
is  lessened  by  general  ill-health.  Many  persons  must  have  noticed 
that  if,  when  out  of  health,  they  sleep  with  the  elbow  bent,  they  wake 
with  tingling,  and  even  loss  of  feeling,  in  the  region  supplied  by  the 
ulnar  nerve,  although  this  may  not  happen  when  they  are  in  good 
health.  If  the  ill-health  is  profound,  as  in  an  acute  illness,  local 
neuritis  of  considerable  intensity  may  be  set  up.  Thus  a  lady,  a  few 
days  after  childbirth,  who  was  prostrated  by  a  long,  exhausting 
labour,  noticed  tingling  in  the  side  of  the  hand,  and,  wbeneyer  aha 
bent  her  elbow,  a  sensation  **  as  if  she  had  knocked  her  funny-bone.*' 
Paralysis  of  the  muscles  supplied  by  the  ulnar  nerve  followed  in  a  few 
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boars,  and  in  a  fortnight  there  was  distinct  wasting.  When  I  saw 
her,  six  months  later,  the  ulnar  nerve  behind  the  elbow  was  distinctly 
thickened.  She  had  had  a  simihtr,  but  more  transient  attack  after  a 
preyious  confinement.  A  similar  palsj  has  occurred  during  the  course 
of  tjphoid  fever,  and  both  nerves  hare  been  known  to  suffer  (Bern- 
hardt). In  such  conditions,  not  only  is  the  tissue-health  lowered,  but 
warning  sensations  are  often  unperceived. 

The  importance  of  the  interosseal  flexion  of  the  fingers  for  many 
actions,  snch  as  writing,  renders  palsy  of  the  ulnar  nerve  peculiarly  dis- 
abling. Several  illustrations  of  the  symptoms  have  already  been  given 
(p.  36).  In  flexion  of  the  wrist,  the  hand  deviates  towards  the  radial 
side,  and  persistent  distortion  may  take  place.  Adduction  of  the 
thumb  is  lost,  and  so  are  most  movements  of  the  little  finger.  The 
fingers  cannot  be  flexed  at  the  first  or  extended  at  the  other  joints, 
but  the  loss  is  slighter  in  the  first  two  fingers  than  in  the  others,  because 
their  luuibricales  are  supplied  by  the  median  nerve.  In  time  the 
opponents  of  the  iuterossei,  by  their  contracture,  lead  to  over-exten- 
sion of  the  first  phalanges  and  flexion  of  the  others;  the  "claw-like 
hand"  is  produced  (see  p.  36),  but  this  is  less  complete  than  in  cases 
of  progressive  muscular  atrophy,  on  account  of  the  escape  of  the  first 
two  lumbricales.  When  the  palsy  is  imperfect  it  may  be  possible  to 
extend  the  second  and  third  phalanges,  if  the  first  can  be  over-extended, 
and  an  advantage  thus  given  to  the  interossei  by  the  lengthening  of 
the  course  of  their  tendons,  just  as  in  partial  paralysis  of  the  long 
extensors  they  may  be  able  to  extend  the  digits  if  the  wrist  is  flexed, 
but  not  if  it  is  extended.  In  lasting  damage  the  hypothenar  eminence 
may  disappear,  the  palm  is  hollow,  the  thenar  muscles  that  remain 
stand  out,  and  the  oppunens  may  cause  a  sligbt  forward  rotation  of 
the  thumb. 

The  loss  of  sensation,  as  in  the  case  of  the  other  nerves,  varies  much, 
both  according  to,  and  irrespective  of,  the  degree  of  lesion  of  the  nerve. 
Subjective  sensations  are  common,  with  and  without  ansesthegia,  and 
those  who  have  had  neuritis  are  sometimes  unable  to  bend  the  elbow 
for  a  few  minutes  without  a  sensation  of  tingling  in  the  area  supplied. 

The  diagnosis  of  disease  of  the  ulnar  nerve  is  easy.  A  difficulty  is 
occasionally  caused  by  the  circumstance  already  mentioned,  that  dis- 
ease at  the  lowest  part  of  the  cervical  enlargement  may  cause  sym- 
ptoms limited  to  the  region  of  this  nerve,  but  a  knowledge  of  the  fact 
is  usually  sufficient  to  prevent  an  error. 

Combined  Palsies  of  the  Nebves  of  the  Arm. — Paralysis  in  the 
region  of  two  or  more  of  the  nerves  of  the  arm  is  very  common,  and 
results  from  many  causes.  It  may  be  due  to  disease  of  the  spinal 
cord  or  the  nerve-roots  within  the  spinal  canal,  but  with  these  we  are 
not  now  concerned.  The  most  frequent  causes  outside  the  spinal 
canal  are  the  following: — (1)  Morbid  processes  in  the  neck,  affecting 
the  nenre-Toots  outside  the  spine  or  the  upper  part  of  the  brachial 
plexus,  especiallj  growths  and  exostoses.     (2)  Diseases  of  the  plexus 
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tt#^lf,  oearitiii  or  injurj,  dislocations  of  tbe  shoulder,  the  stretching 
lij  a  nwlAvn  wrench  of  tbe  ann,*  or  actual  rupture  of  the  nerves 
p.uUfntnf  the  pli*xuB  hy  ^eat  local  violence.  (3)  Fractures  of  the 
liones.  (4)  Asccmdin^  neuritiii,  "neuritis  migrans,"  which,  com- 
mtiucAn^  ill  a  single  nerve,  maj  a«cend  to  the  plexus,  and  there 
s|m»ad. 

We  maj  consider  first  the  cause  last  named.  An  injurj  of  a  single 
nerve  is  sometim«>s  followed  by  an  extension  of  the  motor  and  sensory 
symptoms  to  the  regions  supplied  by  other  nerves.  This  can  only  be 
(>xplain«.*d  by  an  ascending  neuritis  reaching  tbe  junction  of  the  nerves 
at  the  brachial  plexus,  and  there  spreading,  often  in  what  seems  a 
random  manner.  Thus  a  lady  cut  her  wrist  so  as  to  leave  a  scar  an 
inch  long,  over  the  ponition,  and  in  the  direction,  of  the  median  nerve. 
The  injury  caused  paralysis  and  wasting  of  all  the  muscles  in  tbe 
hand  supplied  by  this  nerve.  This  palsy  was  followed  by  a  gradual 
loss  of  power,  with  diminished  faradaic  irritability,  in  tbe  long 
extensor  of  the  fingers,  the  ulnar  flexor  of  the  wrist,  and  also  by 
<lefcot  of  sensation  in  the  skin  supplied  by  the  ulnar  nerve.  Hence 
the  neuritis  must  have  ascended  to  the  plexus,  and  there  have  spread 
along  eaoli  root  of  the  median  nerve.  Again,  a  woman  cnt  her  right 
hand  with  a  broken  stone  bottle,  along  the  hypothenar  eminence. 
Throe  weeks  afterwards  the  muscles  of  the  hand  supplied  by  the 
ulnar  nerve  gradually  became  paralysed,  with  wasting  and  loss  of  irri* 
tability,  and  in  the  area  of  the  skin  supplied  by  the  nerve  there  was 
first  tingling  and  then  diminished  sensibility.  Burning  pain  spread 
up  the  fix)ut  of  the  forearm,  and  inner  side  of  the  upper  arm«  to  the 
axilla ;  all  the  forearm  muscles  lost  power,  the  fiexor  carpi  nlnaris, 
and  tho  fioxor  sublimis  digitorum  in  greatest  degree;  the  tingling  and 
lof^sonod  sensibility  spread  to  the  fingers  supplied  bj  the  median 
nerve,  and  the  abductor  pollicis  wasted.  In  this  case  also  there  must 
have  bei^n  an  ascending  neu litis  of  the  ulnar,  spreading  to  the  median 
at  the  brachial  plexus. 

The  brachial  plexus  is  occasionally  the  seat  of  a  primarr  nenritii. 

a  v  a  « 

Thi^  is  described  in  a  separate  section  (p.  97),  aa  it  is  a  defined  and 
imi>ortant  disease.  Another  eause  of  damage  to  tbe  plexus  is  dislocation 
of  the  shoulder,  especially  sub-coracoid  dislocation,  in  which  the  dis- 
placed heisd  of  the  humerus  necessarily  compresses  tbe  nerves.  The 
extent  of  injury  varies  greatly ;  only  one  nerve  mav  snifer,  or  not  one 
may  esca|>e.  Every  muscle  of  the  arm  may  be  paralysed,  from  the 
deltoid  downwards.  In  most  cases  the  injury  b  severe  in  degree; 
there  is  rapid  wastinc  of  tbe  muscles,  with  the  rcacdon  of  degenera- 
tion, and  there  is  a  great  tendency  to  the  occnrrence  of  trophic  changes 
in  the  skin.  It  was  in  a  case  of  this  character  that  the  forearm  and 
hand  were  covered  with  blisters  from  the  application  of  water  that 
s^«emt^i  merely  warm  to  a  heahby  hand  (p.  62). 

Fn«cture  of  tbe  humerus  may  dama^  both  the  mnseiilo-^^iral  and 
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ulnar  nerves,  rarely  the  median.     Fracture  of  the  bonea  of  the  forearm 
often  injures  both  the  medi&o  and  ulnar  nerrea. 

lujuriea  to  the  neck  Bometimea  cause  &  partial  paraljaia  of  the  arm 
of  peculiar  distribution,  the  special  cbaractera  and  aigiiificaiice  of 
which  were  first  made  known  bj  Erb.*  A  similar  paralvsis  may 
come  00  apart  from  injuiy.  The  muscles  affected  are  the  deltoid, 
ofteo  the  supra-apinatua  and  infra-spinatus,  the  biceps  aod  brachialia 
anticns.and  the  supinators.  Erb  found  that  there  is  one  spot  between 
the  scaleoi,  corresponding  to  the  sixth  cerrieal  nerve,  at  which  eWtrioal 
stimulation  puta  all  these  muscles  in  action.  Hoedemaker,  who  has 
described  two  cases  of  this  palsy,  finds  the  motor  poiut  in  a  Une  drawn 
from  the  stem o-claric alar  articulation  to  the  seTeoth  cerrieal  spine, 
1'5  centimetres  from  the  edge  of  the  trapezius.  The  palsy  is  appa- 
rently dependent  on  disease  of  the  roots  of  the  fifth  and  sixth  cervical 
nerre*.  and  the  fifth,  it  will  be  remembered,  receives  a  twig  from 
the  fourth-t  Besides  injuries,  this  group  of  palsies  may  result  from 
Fio.  65.  l-o.  i". 


(^^ 


Fio.  67. 

FlO.  55. — Coinhined  paltj  of  dcllaid,  •aprk-ipinatai,  and  iiifrs-ipiiiktai,  (niui  ■  fall 
on  ths  ■lionldcr. 

Fibs.  56,  G7. — Left  bund  of  ■  patient  luffering  from  >  growtli  bea1d«  the  lower  cervical 
•fune  oomprflHinf  tbe  ncrre-rooti.  Then  wm  ■netihmia  of  all  part*  aniiplied 
bj  tb*  bnehol  mad  cerrieal  pleiua.  The  arm  wai  addocted,  the  elbnw  Bcieil.  tbe 
hiuid  in  tbe  paatnrs  >bo«D,  flexion  of  flrat,  eitenaion  of  apconil,  itrant:  Hexioii 
of  Init  pfaalaDf^,  tbe  &nt  phalanx  of  ibe  tbumb  ov?T-extended,  the  lecoiid  fl<ixed. 
Rigidit^r  citreine,  and  an  attvmpt  to  DTcrroine  it  earned  great  pain.  There 
wa«  alao  aome  i-ontractnre  of  tbe  loot  (eqnino-Talaui). 
•   Ueidelberg  Societj.  1874,  •  Ziemueu'*  Haodbocli,' lti74,  Bd.  ill,  pt.  2,  p.  SOJ; 

•ee  alto  Bernhanlt.  '  ZeltH-h.  t,  kl.  Med.,'  1683,  Bd.  i*.  p.  415.     A  previoui  deKrip- 

tion  b;  Duclienoe  had  CMaped  notice. 

t  Erb  reterred  tbe  yiaUj  to  diteaaa  of  the  liith  nerre.     The  eiperinieDla  of 

Ferrier  and  Teo  p<'iDt  to   tlie  fifth  and  fourth   roota  ■■  thou  iDDervalliiK  theie 

uoaclaa  bat  hii  aatweqacnt  MITection  indicate*  th«  fifth  and  aiitli  (ive  p.  80). 
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noD-traninatic  processefi,  probablj  from  neuritis,  and  also  from 
growths  in  this  situation.  Duchenne  and  Seligmiiller  have  also 
described  paralysis  of  similar  distribution  produced  in  infants  during 
birth,  either  bj  pressure  from  the  position  of  the  arm,  or  bj  traction 
on  the  neck  with  the  finger  or  hook.  Most  obstetrical  cases  slowly 
recover.  Those  due  to  injury  in  adult  life  are  often  severe ;  the 
symptoms  continue  for  a  long  time,  and  may  bo  permanent. 

Morbid  processes  connected  with  the  bones  of  the  oervical  spine 
sometimes  produce  combined  symptoms  of  irritation  and  palsy  of 
the  nerves  of  the  arm,  pain,  hypersBsthesia,  anaesthesia,  paralysis 
of  muscles,  and  extreme  muscular  contractures,  often  very  irregular  in 
distribution  (such  as  are  shown  in  Figs  56, 57).  I  have  several  times 
known  sensory  symptoms  in  the  arm  to  be  due  to  a  chronic  syphilitic 
Cellulitis  beside  the  vertebrae,  causing  deep-seated  induration  and 
severe  compression  of  the  nerves ;  in  each  case  it  was  completely 
removed  by  anti-syphilitic  treatment.  Growths  at  the  part  may  also 
compress  the  subclavian  artery  and  the  weaker  pulse  may  aid  the 
diagnosis.* 

DiAONOsis. — The  diagnosis  of  diseases  of  the  nerves  of  the  arm  has 
been  for  the  most  part  sufficiently  considered  in  connection  with  the 
special  nerves.  It  consists  chiefly  in  an  application  of  the  facts  there 
stated.  One  or  two  more  general  considerations  deserve,  however, 
a  brief  mention.  Some  diseases  of  the  spinal  cord  are  first  manifested 
in  the  arm,  by  muscular  palsy,  wasting,  or  by  anaesthesia.  The  risk 
of  error  is  prevented,  in  most  casos,  by  the  absence  of  any  corre- 
spondence between  these  symptoms  and  the  functions  of  special 
nerves,  by  the  absence  of  any  indication  of  morbid  processes  in  the 
neighbourhood  of  the  nerves,  and  by  the  presence  of  other  signs  of 
disease  of  the  spinal  cord.  It  has  been  mentioned  that  disease  in  the 
lowest  part  of  the  cervical  enlargement  may  be  manifested  only  in  the 
region  of  the  ulnar  nerve,  the  lowest  in  origin  of  all  the  brachial 
nerves.  Such  disease  is,  however,  usually  bilateral,  and  secondary  to 
disease  in  the  dorsal  region  of  the  cord,  the  indications  of  which  have 
preceded  the  symptoms  in  the  arm.  A  knowledge  of  these  facts,  and 
a  careful  consideration  of  the  distribution  and  course  of  the  symptoms, 
will  rarely  leave  the  observer  in  doubt. 

Tbeatment. — There  is  little  in  the  treatment  of  the  diseases  of  the 
nerves  of  the  arm  that  requires  special  mention.  The  chief  measure 
is  the  treatment  of  the  cause  of  the  paralysis.  Any  present  aource  of 
pressure  must  be  removed  as  far  as  possible.  The  ends  of  a  divided 
nerve  must  be  sutured.  It  is  remarkable  how  quickly  this  has  some* 
times  been  followed  by  the  restoration  of  conducting  power.  The 
posture  of  tbe  arm  must,  in  all  cases,  be  such  as  to  avoid  tension  on 
an  injured  or  inflamed  nerve.  The  treatment  of  neuritis  is  descril*ed 
in  tbe  next  section.     Electrical  stimulation  of  the  muscles  is  of  great 

•   Bowl  by,  loc  cit. 
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Importance  in  all  cases  of  severe  damage  to  the  nerves.     Even  in 
old  and  stationarj  cases  it  sometimes  starts  some  improvement. 

Nbryes  of  thb  Lowbb  Limb. 

Disease  of  these  nerves  is  far  less  common  in  the  lower  than  in  the 
upper  limb,  with  one  important  exception, — the  primary  disease  of  the 
sciatic  nerve  that  goes  bj  the  name  of  '*  sciatica."  This  affection  ia 
reserved  for  separate  description  in  the  next  section. 

The  nerves  of  the  leg  are  derived  from  the  lumbar  and  sacral 
plexuses.  The  lumbar  plexus,  consisting  of  the  first  three  and  a  half 
lumbar  roots,  supplies  the  skin  of  the  lower  part  of  the  abdomen,  of 
the  front  and  sides  of  the  thigh,  of  the  inner  side  of  the  lower  leg  and 
foot.  It  supplies  also  many  muscles — the  cremaster,  and  those  that 
flex  and  adduct  the  hip-joint,  and  those  that  extend  the  knee.  Its 
branches  for  the  leg  are  the  obturator  and  anterior  crural  nerves. 
Tne  iaeral  plexus  consists  of  the  fifth  lumbar  root  and  half  the  fourth 
(lumbo-sacral  cord)  and  the  first  four  sacral  nerves,  of  which,  however, 
onlj  the  upper  three  have  to  do  with  the  leg.  This  plexus  innervates 
the  extensors  and  rotators  of  the  hip,  the  flexors  of  the  knee,  and  all 
the  muscles  that  move  the  foot,  together  with  the  skin  of  the  gluteal 
region,  the  back  of  the  thigh,  the  outer  side  and  back  of  the  lower  leg, 
and  most  of  the  foot.  Its  chief  nerves  are  branches  to  the  outward 
rotators  of  the  hip,  the  gluteal  nerve,  and  the  small  and  great  sciatic 

The  results  obtained  by  Ferrier  and  Teo  (see  p.  80)  on  stimulating  the  roots 
of  the  lumbar  and  sacral  plexuses  in  the  monkey,  may  be  thus  summarised : 
Lumbar  I  and  II.  Lower  abdominal  muscles  (not  cremaster). 

IIL  Psoas  and  iliacus,  sartorius,  extensors  of  knee ;  (flexion  of  hip  and 

extension  of  leg). 
IV.  Glutei,  adductors,  extensor  cruris,  peroneus  longus  ;  (extension  of 

hip  and  knee,  elevation  of  outer  side  of  foot). 
V.  Glutei,  hamstrings,  and   all  the  muscles  in  front  and  back  of 
lower  leg ;  (rotation  of  thigh  outwards,  flexion  and  rotation  inwards 
of  leg ;  extension  of  foot  with  elevation  of  outer  edge ;  flexion  of 
distal  phalanges  of  toes). 
Sacral  I.  Hamstrings,  calf  muscles,  long  flexor  of  toes,  intrinsic  muscles  of 
foot ;  (slight  outward  rotation  of  thigh,  flexion  of  knee,  extension 
of  foot,  adduction  of  great  toe,  flexion  of  firat  phalanges  of  all  toes 
and  of  both  phalanges  of  great  toe), 
n.  Intrinsic  muscles  of  foot ;  ("  interosseal "  flexion  of  toes,  similar  to 
the  last). 
These  results  cannot  be  simply  applied  to  man.    For  instance,  it  is  certain 
that  in  man,  one  flexor  of  the  hip,  the  psoas,  and  the  cremaster,  are  largely 
innervated  from  the  second  lumbar,  but  no  indication  of  the  action  of  either  of 
these  could  be  observed  on  stimulating  this  root  in  the  monkey. 

The  distribution  of  the  sensory  fibres  of  the  nerve-roots  is  considered  in  the 
ehapter  on  the  Spinal  Cord. 

The  Lumbar  plexus  itself  is  sometimes  damaged  by  growths  in  the 
abdomen  (especially  by  those  that  spring  from  the  lumbar  glands)  and 
by  psoas  abscess,  while  the  nerve-roots  may  suffer  in  disease  of  the 
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bones  of  the  rertebrsB  and  in  meningitis.  The  plexus  may  also  be  in* 
yaded  by  inflammation  ascending  the  lumbo-sacral  cord  fi*om  the  sacral 
plexus,  and  it  is  occasionalij  the  seat  of  spontaneous  neuritis.  The 
obturator  nerve  is  rarolj  affected  alone ;  it  has  been  sometimes  damaged 
in  the  course  of  parturition.  The  anterior  crural  nerve  has  suffered 
from  the  same  cause,  and  is  sometimes  injured  by  -wounds  of  the 
groin  or  thigh,  or  by  dislocation  of  the  hip-joint.  Symptoms  may  be 
limited  to  it  in  disease  of  the  nerve-roots. 

Of  the  interference  with  movement  that  may  result,  the  paralysis  of 
the  flexors  of  the  hip  depends  on  the  position  of  the  disetise.  This 
paralysis  is  total  only  when  the  lumbar  plexus  is  damaged.  Disease  of 
the  anterior  crural  nerve,  within  the  abdomen,  does  not  affect  the  psoas, 
but  may  paralyse  the  iliacus,  and  so  weaken,  without  abolishing,  the 
power  of  flexion.  The  chief  symptom  of  disease  of  this  nerve  is  the 
loss  of  power  in  the  extensors  of  the  knee,  and  the  wasting  of  these 
muscles,  together  with  loss  of  the  knee-jerk  which  results  from  the 
interruption  of  the  reflex  arc.  The  effect  of  these  palsies  on  movement 
is  very  serious  (see  pp.  40,  41).  Anaesthesia  involves  the  whole  of  the 
thigh  (except  a  strip  along  the  middle  of  the  back),  the  inner  side  of  the 
leg  and  foot,  and  the  adjacent  sides  of  the  first  and  second  toes.  In  many 
cases  the  paralysis  is  incomplete,  and  the  symptoms  present  corre- 
sponding variation.  Irritation  of  the  nerve  may  cause  severe  pain  in 
the  region  supplied  by  it.  This  is  sometimes  an  early  symptom  of  a 
growth  near  the  spine.  Tho  pain  in  neuritis  of  the  plexus  may  extend 
along  the  course  of  the  ilio- hypogastric,  ilio-inguinal,  and  genito- 
crural  nerves,  to  the  lower  part  of  the  abdomen  and  groin. 

Paralysis  of  the  obturator  nerve  causes  a  loss  of  the  power  of  adduc- 
tion of  the  thigh,  so  that  the  patient  cannot  put  one  leg  across  the 
other.  Bot'ition  of  the  thigh  outwards  is  interfered  with,  but  in 
slighter  degree  than  adduction.  The  effect  of  these  palsies  (described 
on  pp.  39,  40)  is  far  less  serious  than  is  the  disability  which  results 
from  disease  of  the  anterior  crural. 

The  superior  gluteal  nerve  occupies  an  intermediate  position  between 
the  two  plexuses,  arising  as  it  does,  from  the  lumbo-sacral  cord,  which 
descends  from  the  fourth  and  fifth  lumbar  roots.  Its  disease,  which 
is  very  rare  in  isolated  form  causes  paralysis  of  the  gluteus  medius 
and  minimus,  with  a  loss  of  abduction  and  circumduction  of  the  thigh 
(see  p.  39). 

The  Sacral  plexus  is  sometimes  damaged  by  growths  in  the  pelvis, 
by  pelvic  inflammation  of  various  kinds,  and  by  compression  during 
parturition.  It  is  also  often  the  seat  of  neuritis,  which,  however,  less 
frequently  begins  in  the  plexus,  than  ascends  to  it  from  the  Bciatio 
nerve.  Apart  from  spontaneous  neuritis,  which  will  be  separatelv 
described,  the  sciatic  nerve  outside  the  pelvis  is  occasionally  injured  by 
wounds,  rarely  by  dislocations  of  the  hip,  often  by  disease  of  the  bone, 
and  by  adjacent  morbid  growths.  It  is  also  a  relatively  frequent 
seat  of  neuroma.     Of  the  terminal  branches,  the  external  popliteal,  faj 
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its  superficial  course,  and  proximitj  to  tlie  liard  bone,  suffers  from 
traomatio  lesions  of  various  kinds;  it  is  also  prone  to  spontaneous 
neuritis.  This  nerve  is  homologous  with  the  musculo-spiral  nenre  of 
the  arm,  and  presents  an  analogous  liability  to  disease.  The  posterior 
tibial  nerre  is  more  secure  in  its  deeper  course,  but  maj  be  damaged 
by  fracture  of  the  bones. 

The  symptoms  of  palsy  of  the  sciatic  nerve  vary  much  in  their 
character,  according  to  the  position  of  the  disease.  The  smaZl  sciatic 
is  implicated  only  when  the  mischief  involves  the  pelvic  plexus,  and  it 
scarcely  ever  suffers  alone.  The  effect  is  palsy  of  the  gluteus  maximus, 
which  interferes  with  rising  from  a  seat  more  than  with  walking 
(see  p.  39).  There  is  also  ansesthesia  of  the  skin  in  the  middle  third 
of  the  back  of  the  thigh,  and  in  the  upper  half  of  the  calf.  A  lesion 
of  the  sciatic  nerve,  near  the  sciatic  notch,  paralyses  the  flexors  of  the 
leg  (which  are  also  extensors  of  the  hip ;  see  p.  42),  and  all  the  muscles 
below  the  knees.  Often  the  lesion  is  below  the  upper  third  of  the 
thigh,  and  then  the  flexors  of  the  leg  escape.  Even  when  all  the 
muscles  below  the  knee  are  paralysed,  walking  is  still  possible,  the 
foot  being  raised  by  over-flexion  of  the  hip.  The  ansesthesia  that 
results  from  a  lesion  of  the  nerve  below  the  origin  of  the  small  sciatic, 
involves  the  outer  half  of  the  leg,  the  greater  part  of  the  dorsum  of 
the  foot,  and  all  the  sole,  but  the  leg  may  escape,  perhaps  through 
union  with  other  nerves. 

The  symptoms  of  disease  of  the  branches  are  as  follows : — 

That  of  the  exierndl  popliteal  or  peroneal  nerve  causes  paralysis  of 
the  tibialis  anticus,  long  extensor  of  the  toes,  peronei,  and  extensor 
brevis  digitorum.  The  effect  of  this  is  a  loss  of  all  power  of  flexing 
the  ankle  and  of  extending  the  first  phalanx  of  the  toes  (see  p.  44). 
The  foot  cannot  be  raised  from  the  ground  in  walking,  and  talipes 
equinus  ultimately  results  (Fig.  30,  p.  44),  which  may  be  attended 
with  persistent  flexion  of  the  first  phalanges  of  the  toes  from  contrac- 
ture of  the  unopposed  interrossei.  There  is  also  ansesthesia  on  the 
outer  half  of  the  front  of  the  leg,  and  on  the  dorsum  of  the  foot. 

Disease  of  the  internal  popliteal  nerve  paralyses  the  popliteus,  calf 
muscles,  tibialis  posticus,  and  long  flexors  of  the  toes,  as  well  as  the 
muscles  of  the  sole.  In  addition  to  the  disability  which  characterises 
paralysis  of  the  plantar  muscle,  there  is  loss  of  the  inward  rotation  of 
the  flexed  leg,  if  the  disease  is  so  high  as  to  involve  the  branch  to  the 
popliteus,  and  there  is  also  loss  of  the  power  of  extending  the  ankle- 
joint.  Talipes  calcaneus  results  (Fig.  28,  p.  43).  The  sensory  loss 
is  on  the  outer  lower  part  of  the  back  of  the  leg,  and  on  the  sole,  but 
varies  much. 

The  plantar  nerves  rarely  suffer  alone.  A  lesion  of  the  internal  nerve 
causes  ansesthesia  on  the  inner  part  of  the  sole,  and  plantar  surface  of 
the  three  inner  toes  and  half  the  fourth,  together  with  paralysis  of  the 
short  flexor  of  the  toes,  the  plantar  muscles  of  the  great  toe  (except 
the  adductor),  and  of  the  two  inner  iumbricales. 
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Disease  of  the  external  nerve  produces  ansesthesia  of  the  skin  on  the 
outer  half  of  the  sole,  the  little  toe  aud  half  the  fourth,  paralysis  of 
the  flexor  accessorius,  the  muscles  of  the  little  toe,  all  the  interossei, 
the  two  outer  luinbricales,  and  the  adductor  of  the  great  toe.  The 
effect  of  this  palsy  (see  p.  45)  is  serious,  since  the  toes  cannot  take 
their  proper  share  in  propelling  the  body  forward  in  walking,  and  they 
gradually  become  flexed  at  the  last  two  joints  and  extended  at 
the  others,  from  the  contracture  of  the  opponents  of  the  inter- 
ossei,— apositiou  of  the  toes  that  causes  serious  incunvenience  io 
walking. 

D1A.ONO8IS. — The  diagnosis  of  diseases  of  the  nerves  of  the  leg  is 
determined  by  the  same  general  principles  as  those  that  have  been 
mentioned  as  applicable  to  the  nerves  in  general,  and  to  the  nerves 
of  the  arm  in  particular.  The  limitation  of  the  symptoms  to  the 
functional  areas  of  individual  nerve-trunks,  the  evidence  afforded  by 
nutrition,  irritability,  and  reflex  action  that  the  muscles  are  separated 
from  the  spinal  cord,  the  implication  of  the  sensory  functions,  and 
often  the  tenderness  of  the  affected  nerves,  indicate,  in  most  cas^s, 
the  seat  of  the  disease.  To  these  signs,  are  often  added  other  indica- 
tions of  a  local  cause,  corresponding,  in  its  position,  with  the  nerve 
to  which  the  symptoms  point. 

The  relation  of  nerve-trunks  to  nerve-roots,  although  by  no  means 
simple,  is  certainly  less  complex  in  the  case  of  the  nerves  of  the  leg 
than  in  those  of  the  arm.  This  is  es{>ecially  the  case  in  the  lumbar 
plexus,  and  it  leads  to  an  occasional  difficulty  in  diagnosis.  Pressure 
on  the  spinal  cord,  for  instance,  at  the  level  of  the  origin  of  the  fourth 
lumbar  roots,  may  cause  symptoms  identical  with  those  of  a  partial 
lesion  of  the  anterior  crural  nerve.  For  instance,  I  have  known  para- 
lysis of  the  extensors  of  tbe  knee,  loss  of  the  knee-jerk,  with  ansesthesia 
in  the  front  of  the  thigh,  to  be  tbe  result  of  a  gumma  at  the  side  of  the 
cord  at  this  level.  But  other  evidence  of  a  spinal  lesion  is  rarely  absent 
under  such  circumstances,  and,  in  this  patient  a  foot-clonus,  due  to  tbe 
pressure  on  tbe  pyramidal  fibres,  left  no  doubt  as  to  the  situation  of  tbe 
disease.  Anotber  difficulty  arises  from  the  long  course  of  the  nerve-roots 
in  the  cauda  equina,  disease  of  which  may  simulate  that  of  the  nerves  of 
tbe  leg.  But  tbe  symptoms  are  commonly  bilateral  in  consequence  of 
the  proximity  of  the  nerve-roots  of  the  two  sides.  In  all  cases  in  which 
symptoms  are  bilateral  (unless  there  is  evidence  of  a  disease  known 
to  cause  symmetrical  lesions,  such  ns  multiple  neuritis),  the  suggestion 
is  that  tbe  disease  is  situated  where  the  motor  or  sensory  paths  of 
each  side  are  so  near  that  they  can  be  affected  by  a  single  lesion,  i. «. 
that  the  disease  is  within  tbe  spinal  canal.  But  here,  as  in  other 
cases,  we  cannot  reverse  our  diagnostic  rules.  Disease  of  the  spinal 
cord  does  not  always  cause  bilateral  symptoms.  A  limited  lesion  of 
one  anterior  cornu  may  be  so  placed  as  to  paralyse  the  muscles  supplied 
by  a  single  nerve,  and  a  doubt  may  be  felt  as  to  the  central  or  peri- 
pheral origin  of  such  palsy.    Tbe  muscles  supplied  by  the  anterior 
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eriind  nerve,  and  tlie  muscles  in  the  front  of  the  lower  leg  supplied 
bj  the  external  popliteal,  are  those  of  which  the  central  palsy  most 
often  leads  to  doubt.  The  mode  of  onset,  the  presence  or  absence 
of  sensory  symptoms,  the  rarity  of  acute  spinal  palsy  except  in  child- 
hood, and  of  nerve-lesions  except  in  adult  life,  the  wider  initial  pre- 
Talence  of  the  palsy  in  acute,  and  its  later  extension  in  chronic, 
coriiual  disease, — these  suffice  as  a  rule  to  remove  any  doubt. 

It  is  important  to  remember  that  the  pressure  of  a  growth  may 
cause  either  a  chronic  or  an  acute  affection  of  the  nerves.  The  chronic 
symptoms  result  from  compression  ;  the  acute  from  a  neuritis  set  up 
by  the  pressure  and  irritation. 

Treatment. — The  treatment  of  disease  of  the  nerves  of  the  leg 
does  not  differ  from  that  of  disease  of  the  nerves  of  the  arm.  More 
care,  perhaps,  is  needed  to  avoid  increasing  present  mischief,  or 
inviting  a  relapse,  by  exposure  to  cold  or  by  fatiguing  exertion.  More 
care  is  also  needed  to  obviate  the  tendency  to  secondary  contractures  in 
the  case  of  palsies  of  long  duration,  and  in  those  attended  by  pain,  in 
which  the  patient  seeks  ease  in  postures  to  which  the  muscles  only  too 
readily  adapt  themselves.  The  contraction  of  the  hamstrings,  from  con- 
stant flexion  of  the  knees,  occurs  very  readily  and  is  most  troublesome ; 
that  of  the  calf  muscles,  which  occurs  when  the  flexors  of  the  ankle  are 
paralysed,  also  constitutes  a  serious  obstacle  to  walking  after  recoveiy. 
A  little  timely  care,  by  attention  to  posture,  will  often  save  a  vast 
amount  of  later  trouble.  That  of  the  calf  muscles,  however,  which 
is  due  to  the  extension  produced  by  the  weight  of  the  foot,  as  the 
patient  lies,  cannot  always  be  entirely  prevented,  but  may  be  lessened 
by  a  board  or  large  sand-bag  against  which  the  feet  can  rest. 


rRACHIAL  NEURITIS. 


Besides  the  forms  of  inflammation  of  the  nerves  of  the  arm  already 
described,  a  primary  inflammation  of  the  brachial  plexus  occurs  in  a  form 
as  well  defined  as  sciatica,  and  equally  meriting  a  separate  description. 
This,  however,  need  only  include  its  special  features ;  those  that  are 
common  to  other  forms  of  neuritis  have  been  already  described.  It 
is  so  closely  analogous  to  sciatica  that  it  may  be  called*'  sciatica  of  the 
arm.'*  It  is  essentially  a  perineuritis, — a  primary  inflammation  of 
the  sheaths  of  the  branches  that  enter  and  form  the  brachial  plexus. 

Cases  occur,  however,  in  whicn  the  symptoms  correspond  in  general 
character  to  the  rest,  but  in  which  their  distribution  suggests  that  the 
nerve-roots  rather  than  the  plexus  are  the  seat  of  the  inflammation, 
and  pain  about  the  spine  supports  the  opinion.  This  form  may  be 
called   Badiculeur  NeuriHi,    Although   its   existence  has  not  been 
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established  by  pathological  evidence,  the  Bjmptoms  mentioned  admit 
of  no  other  explanation.  A  knowledge  of  their  significance  is  of  great 
practical  impoi*tance  on  account  of  the  closeness  with  which  thej  maj 
simulate  those  of  organic  disease  of  the  bones  of  the  spine,  or  a  growth 
in  the  spinal  membranes. 

Causes. — The  influence  of  gout  in  causing  local  neuritis  is  reij 
conspicuous  in  the  bi*achial  form,  with  the  special  characteristic  that 
this  occurs  chiefl  v  late  in  life,  very  often  from  the  inherited  disease,  and 
with  greater  frequency  in  females  than  any  other  form  of  neuritis; 
their  liability  is  at  least  equal  to,  if  not  greater  than,  that  of  men. 
Fiye>sixths  of  the  cases  occur  after  fifty,  and  it  may  be  met  with  up 
to  extreme  old  age.  In  men  there  have  usually  been  liie  ordinary  mani- 
festations of  gout,  but  in  women  the  tendency  is  often  only  indicated 
by  the  family  history,  and  by  previous  muscular  rheumatism,  especially 
lumbago  and  sciatica,— which  have  seldom  been  absent  in  either  sex. 
In  one  case  the  onset  of  the  bi*achial  neuritis  occurred  immediately 
after  an  attack  of  sciatica. 

Symptoms. — Pain,  the  great  symptom  of  the  inflammation  of  all 
mixed  and  sensory  nerves,  is  greater  in  this  than  in  most  forms  of 
neuritis.  It  is  usually  the  first  symptom,  and  lasts  long  after  the  in- 
flammation is  over  ;  its  severity,  coupled  with  the  age  of  most  sufferers, 
renders  the  malady  one  of  a  peculiarly  trying  character.  The  first 
pain  is  often  referred  to  a  distance  from  the  seat  of  the  inflamma- 
tion, perhaps  because  this  begins  at  the  plexus,  where,  at  divisions, 
it  is  facilitated  by  motion,  and  the  conducting  fibres  are  readily 
reached  and  early  irritated.  Frequent  seats  for  the  first  pain  are 
the  region  of  the  scapula  (sometimes  beneath  the  bone)  and  the 
wrist  or  buck  of  the  forearm,  with  or  without  the  hand.  In  other 
cases,  however,  the  first  pain  is  at  the  plexus  itself,  above  the  clavicle 
or  in  the  axilla,  and  these  are  the  places  in  which  it  is  commonly 
most  intense  throughout  the  attack.  As  the  pain  increases  it  extends 
along  the  course  of  the  nerves  of  the  arm,  which  the  patient  will  often 
accurately  indicate  with  his  finger  when  tracing  the  lines  of  pain. 

The  pain  is  sometimes  sudden  in  onset  and  severe  from  the  beginning; 
more  often  it  is  at  first  occasional,  or  felt  on  certain  movements,  but, 
as  it  increases,  it  becomes  more  continuous,  with  variations  that  soon 
rise  to  [)aroxy6mal  degree.  Ultimately  there  is  always  more  or  less 
dull  wearying  pain  in  the  whole  arm,  but  especially  in  the  region  of 
the  plexus,  varied  by  attacks  of  great  severity.  In  these  the  pain 
is  acute  and  lancinating,  or  stabbing,  or  burning  ;  it  usually  takes  the 
course  of  the  nerves,  diffusing  itself  from  them,  and  often  passing 
to  the  side  of  the  chest,  and  to  the  neck,— seldom  to  the  head.  The 
pain  often  varies  in  character  according  to  intensity  ;  at  the  height  of 
the  paroxysm  it  may  be  sharp  and  stabbing,  or  such  darting  pains  may 
be  superadded  to  a  more  diffused  burning  pain,  which  lasts  longer 
than  the  acute  pain,  and  may  be  followed,  as  the  paroxysm  subsides, 
by  general  tingling  of  the  skiu  of  the  whole  limb.     The  paroxysms  are 
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in<luced  by  movement  or  occur  spontaneously.  In  slighter  cases  the 
pain  is  paroxysmal  only,  and  then  the  relation  to  movement  is  a  Tery 
conspicuous  feature.  Although  it  is  seldom  confined  to  movement,  this 
never  fails  to  induce  severe  pain»  and  the  patient  avoids  the  slightest 
use  of  the  limb.     Elevation  of  the  arm  especially  causes  distress. 

With  the  pain  there  is  usually  undue  sensitiveness  of  the  skin, 
which  may  be  much  increased  during  and  after  the  paroxysms.  Loss 
of  sensation  is  rare,  and  is  met  with  only  in  cases  that  are  not  only 
sevt»re  but  prolonged.     The  two  may  concur,  as  "  aneesthesia  dolorosa." 

The  muscles  usually  present  the  flabLiness  and  slight  wusting 
common  in  neuritis,  but  the  damage  to  the  motor  fibres  is  seldom 
sufficient  to  cause  considerable  atrophy.  Sometimes,  however,  there 
is  enough  damage  to  cause  wasting  of  some  group  of  muscles,  with  the 
reaction  of  degeneration.  This  is  most  frequent  in  the  radicular  form, 
in  which  the  damage  is  to  the  upper  part  of  the  plexus. and  nerve- 
roots.  There  may  then  be  ansesthesia  of  the  skin  over  the  affected 
muscles.  It  is  difficult  to  ascertain  the  existence  or  the  amount  of 
motor  weakness ;  effort  induces  pain  so  readily  that  the  patient  can 
seldom  be  induced  to  make  an  attempt  to  exert  force.  Power  is  often 
said  to  be  almost  lost,  when  it  is  probably  greater  than  is  believed. 
Besides  the  muscles,  the  subcutaneous  tissue  of  the  limb  may  also 
waste,  and  the  skin  may  become  thin  and  shining,  and  present  the 
aspect  already  descril)ed.  Subcutaneous  oedema  is  also  common. 
Arthritic  changes  in  the  joints  of  the  fingers  are  almost  constant  in 
the  cases  that  occur  in  later  life ;  the  adhesions  may  be  permanent. 

Diagnosis. — Few  maladies,  as  a  fact  of  ex|)erience,give  rise  to  greater 
diagnostic  difficulty.  This  is  due  to  several  causes :  the  affection  is 
rare ;  its  symptoms  are  sometimes  equivocal ;  the  subjects  are  usually 
in  the  degenerative  period  of  life,  when  many  obscure  diseases  attended 
with  pain  in  the  arm  occur  to  the  mind  of  the  physician  ;  and  lastly, 
the  distinction  between  neuralgia  and  neuritis  is  often  difficult,  although 
less  so  than  is  supposed.  The  last  is  indeed  the  most  frequent 
source  of  error.  The  most  severe  and  characteristic  cases  of  brachial 
neuritis  are  frequently  mistaken  for  pure  neuralgia,  on  account  of  the 
paroxysmal  character  of  the  more  severe  pain,  and  because  the  cha- 
racters of  neuritis  are  unfamiliar.  The  points  to  determine  the 
dias^nosis  are  those  described  in  the  sections  on  neuritis  and  neuralgia; 
— the  degree  of  persistent  tenderness  of  the  nerves  and  the  influence 
of  movement,  together  with  the  history  of  the  attack,  the  locality  of  the 
I  tains,  and  especially  any  evidence  of  damage  to  the  fibres.  A  history 
of  neuralgia  in  the  person  or  the  family  is  of  slight  weight  only  ;  the 
tendencies  to  true  neuralgia  and  to  neuritis  are  often  combined,  and 
each  is  a  frequent  result  of  gout.  A  far  greater  difficulty  is  presented 
by  the  cases  in  which  the  inflammation  remains  slight  and  is  confined 
to  the  plexus,  affecting  branches  where  the  conducting  fibres  can  be 
so  irritated  as  to  cause  distant  pain,  which  then  becomes  the  leading 
symptom.     This  is  often  paroxysmal,  and,  when  on  tbe  left  side,  may 
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fftiVmt*?  t**'  ili*^  r-h^wt.  and  \te  associated  with  disturbed  action  of  the 
Itpftrt.  Aiifccitia  jiert/irii  in  oftnn  thought  of  in  such  cases;  and  here 
fittiiin  \\u'  <I''j(«n^rati?e  a^*;  maj  increase  the  difficulty  bj  leading  to 
the  |»r»'f»enc««  of  m»me  coincident  diisease  of  the  heart,  or  by  iniikiug  true 
nn^ina  not  unlikely,  Tlie  distiDction  afforded  by  the  nerve -tenderness 
\n  iliPii  f»f  ^n«at  iiiif»ortance,  because  the  disproportionate  amount  of 
ttMnhriM'KN  (rorn pared  with  the  amount  of  pain)  is  more  emphatic  iu 
plight  than  in  H<v»Tfj  cases.  Persistent  tenderness  with  only  fiarox- 
vsniiil  piiin  Nhoiild  always  Huggest  neuritis.  When  the  position  of  the 
|min  is  rarrl'ulij  examined,  its  relation  to  the  plexus  and  branches  is 
oft  on  rh'ar.  It  Im  important  to  r»-member  that  all  nerve- pains  in  the 
braohial  region  on  the  left  side  have  a  tendency  to  resemble  anginal 
(v^in  in  di.Uribntion,  and  to  be  associated  with  cardiac  distress. 
Pn>lmbly  there  is  some  peculiar  tenilency  for  pains  in  this  part  to 
disturb  the  atrtion  of  the  heart;  a  common  physiological  relation  may 
undorlio  both  the  nerve-pains  of  cardiac  angina  and  the  cardiac  sym- 
ptoms of  nerve-pains.  Hence  this  secondary  disturbance  does  not 
noutraliNe  the  significance  of  the  special  signs  of  neuritis.  In  some 
cases  of  tin*  slighter  class,  the  pains  suggest  the  idea  of  an  aneurism; 
in  nuuiy  c^Lses  of  brachial  neuritis  this  diagnosis  has  been  made,  and 
the  )mtient  has  had  to  endure  months  of  ment^al  distress,  for  which 
no  real  cause  was  in  existence.  Such  a  suspicion,  in  the  absence  of 
special  signs,  such  as  pressure-symptoms,  should  only  be  entertained 
if  the  pains  are  persistently  and  increasingly  severe,  and  unaccom- 
)mnied  by  any  considerable  amount  of  tenderness.  In  all  these  cases, 
morom'er,  the  presence  of  the  gouty  diathesis  may  be  allowed  weight 
in  the  diagnosis. 

The  muscular  wasting,  slight  in  de^^ree,  added  to  the  arthritic 
change!),  gives  rise  to  a  condition  which  may  be  mistaken  for  a  primary 
joint  affliction  with  secondary  "  arthritic  atrophy  "  of  the  muscles.  It 
is  only  in  the  chronic  stage  that  this  error  is  possible.  A  careful 
attention  to  the  history  of  the  case  will  show  its  real  nature,  but  with- 
out this  attention  the  mistake  is  easy,  and  it  is  often  made. 

Prognosis. — Except  in  its  most  trifling  degree,  brachial  neuritis  is 
a  tetlious  maladv  ;  the  duration  of  everv  severe  case  is  to  be  measured 
bv  mouths,  and  often  more  than  a  year  elapses  before  the  patient  is  free 
from  pain.  Post-neurit  ic  pain  is  always  more  prolonged  in  the  old  than 
in  the  vouniT,  and  the  age  of  the  subjects,  together  with  the  amount  of 
dutnage  to  the  nerves,  causes  suffering  to  last  longer  than  in  almost  any 
otior  torm.  To  these  causes  also  must  Ijo  added  the  degree  of  sen- 
sit  ivvncNS  of  the  affected  nerves,  exceeded  only  by  that  of  the  fifth 
norve.  and  also  the  mobilitv  of  the  parts  in  which  the  plexus  lies ;  this 
invi>lvrs  a  continued  cause  of  irritation,  brought  into  play  as  soon  as  the 
diniinunon  in  the  severer  pain  permits  the  patient  to  employ  the  long 
useless  arm.  Kclapses,  moreover,  are  not  uncommon.  Recurrence 
n>av  take  pi  uv  after  moderate  attacks,  but  seldom  occutb  after  those 
ot  e  X 1 4  e  m  e  se v  e  r i  t  v . 
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Kccoverj  from  the  consequences  of  the  inflammation  is  not  alwava 
complete.  The  limb  often  remaius  smaller  and  feebler,  witb  a  liability 
to  tingling  and  to  cramp,  and  also  to  neuralgic  pains  under  the  influence 
of  changes  in  the  weather,  &c.  But  the  most  serious  consequences 
are  the  alterations  in  the  joints.  These  are  very  frequent :  the  fixa- 
tion oci-asioned  bv  the  pain  permits,  and  the  tendency  to  perverted 
nutrition  produces,  adhesion  between  the  articular  surfaces,  in  con- 
sequence of  which  the  movement  becomes  permanently  restrained. 
It  is  proliable,  moreover,  that  the  constitutional  state  which  underlies 
the  pninary  malady  often  increases  the  degree  of  these  joint-alterations. 
Tbe  shoulder,  wrist,  and  fingers  are  the  joints  that  are  most  frequently 
thus  rendered  stiff.  The  interference  witb  the  movement  of  the  fingers 
is  e^ipecially  troublesome;  the  joints  become  painful  in  consequence  of 
the  unavoidable  strain  on  tbe  tissues  when  an  attempt  at  use  is  made. 

Treatment. — The  treatment  tbat  has  been  described,  as  needed  in 
neuritis  generally,  is  suitable  also  for  tbis  form,  and  its  details  need 
not  hei*e  be  re{>eated.  Abstinence  from  movement  is  of  great  import- 
ance ;  tbe  occurrence  of  stiffness  of  the  joints  in  consequence  of  the 
immobility  of  the  limb  must  be  risked.  It  is  doubtful,  indeed,  wbetber 
tbe  tendency  to  tbis  is  much  increased  thereby,  for  the  effect  of  pain,  in 
preventing  sufficient  movement  to  maintain  the  normal  state  of  the 
joints,  is  not  materially  increased  by  rest  otherwise  enforced ;  while 
tbe  difference  between  a  little  movement  and  none,  during  the  acute 
stage  of  the  affection,  is  enongb  to  make  a  considerable  difference  in 
tbe  effect  on  the  inflammation  of  the  nerves.  Tbe  influence  of  cocaine* 
injected  under  the  skin,  is  very  beneficial,  but  it  is  needed  frequently 
in  severe  cases,  and  two  injections  (each  -^ — \  gr.)  may  be  given 
daily  during  the  height  of  the  disease.  It  is  important  that  the  nerves 
should  not  be  irritated  by  massage  in  tbe  state  of  active  inflammation ; 
indeed,  no  therapeutic  measure  wbich  occasions  pain  can  do  as  much 
good  as  harm.  After  the  tenderness  bas  subsided,  gentle  rubbing* 
such  as  is  aprreeable,  may  be  employed  with  advantage.  Electricity  is 
only  needed  for  muscles  tbat  present  the  reaction  of  degeneration*  or 
to  aid  in  removing  after-pains. 


SCIATICA. 

As  the  word  sciatica  is  commonly  used,  it  is  a  general  designation 
for  all  affections  of  which  the  chief  symptom  is  pain  in  the  region  of 
tbe  sciatic  nerve.  It  is  thus  often  applied  to  the  pain  which  results 
from  pressure  on  the  nerve  in  tbe  pelvis,  as  by  a  tumour.  In  a  stricter 
use  of  the  word,  however,  it  is  a]>plied  to  painful  affections  of  the  nerve 
not  due  to  any  cause  outside  it.     The  two  varieties  may  be  distinguished 
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as  secondary  and  primary  sciatica.  Primary  sciatica  is  oommonly 
regarded  as  a  neuralgia.  This  view  is  in  the  main  erroneous;  the 
vast  majority  of  cases  of  sciatica  are  really  cases  of  neuritis  of  the 
sciatic  nerve.  The  reasons  for  this  opinion  are  given  in  the  section  on 
the  pathology  of  the  disease. 

Causes. — Sciatica  is  far  more  frequent  in  males  than  in  females; 
the  proportion  has  been  very  variously  estimated.  It  is  difficult  to 
obtain  statistics  on  the  malady  that  are  free  from  sources  of  fallacy, 
since  comparatively  few  cases  enter  general  hospitals.  The  incidence 
of  severe  sciatica  seenrs  to  be  fairly  presented  by  the  137  cases  that 
were  treated  in  the  Devonshire  Hospital,  Buxton,  during  the  year  1883, 
and  there  is  no  reason  to  suppose  that  slight  cases  differ,  in  this 
res  poet,  from  those  that  are  severe.  The  percentage  of  males  is  82  ; 
of  females,  18 ;  giving  a  ratio  of  4  to  1,  which  is  probably  very  near 
the  truth — a  remarkable  contrast  to  the  analogous  affection  of  the 
arm.  The  disease  is  unknown  in  childhood,  and  rare  in  the  second 
decade  of  life.  It  is  most  frequent  between  forty  and  fifty,  next 
between  fifty  and  sixty,  and  next  between  thirty  and  forty.  The  per- 
centage distribution  of  the  137  cases  at  Buxtcn  is  as  follows : — Ten 
to  twenty,  3  per  cent. ;  twenty  to  thirty,  9  per  cent. ;  thirty  to  forty, 
19  per  cent. ;  forty  to  fifty,  29  per  cent. ;  fifty  to  sixty,  2S  per  cent, ; 
sixty  to  seventy,  13  per  cent. ;  over  seventy,  1  per  cent.  The  influence 
of  age  is  nearly  the  same  in  each  sex. 

Two  constitutional  conditions  are  potent  factors  in  the  production  of 
sciatica—gout,  and  that  form  of  rheumatism  which  affects  chiefly  the 
fibrous  tissues  of  the  muscles.  These  two  constitutional  states  cannot 
be  entirely  separated,  but  many  of  the  sufferers  are  of  opposite  types ; 
some  are  stout,  plethoiic,  distinctly  gouty;  others  pale,  weakly,  and 
rheumatic.  Many  of  the  latter  owe  their  rheumatism  to  inherited 
gout ;  rheumatic  fever  is  certiiinly  one  of  the  effects  of  this  family 
tendency.  Sciatica  is  most  common  among  those  who  are  gouty 
but  do  not  suffer  from  articular  gout,  and  such  individuals  often  have 
many  attacks.  Gouty  inheritance  is  generally  to  be  traced  in  those 
who  suffer  early  from  the  disease.  Syphilis  has  been  supposed  in 
some  cases  to  be  the  cause  of  a  sciatic  neuritis,  but  the  cases  are  so  rare 
as  to  make  strong  and  clear  evidence  desirable. 

An  exciting  cause  is  to  be  traced  in  many  of  the  cases.  Exposure 
to  cold  is  the  most  common.  It  is  usually  local  exposure,  as  by  wet 
boots,  staudim?  in  water,  &q,  ;  sometimes,  however,  a  general  chill 
of  the  body  determines  an  attack.  The  exposure  to  cold  may  be 
even  more  direct,  as  by  sitting  on  wet  gp*a8S.  I  believe  that  draughty 
water-closet  seats  are  answerable  for  some  cases.  The  neuritis  often 
arises  by  the  extension  of  an  adjacent  rheumatic  affection  of  the 
fibrous  tissue,  especially  of  that  form  of  lumbago  which  involTes 
the  fibrous  attachments  of  the  muscles  at  the  back  of  the  sacrum. 
This  passes  down,  extending  along  the  fasciss,  to  the  nerve-sheath  in 
the  Uiiglibourhood  of  the  sciatic  notch.     (The  fact  is  of  much  interest. 
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because  it  shows  tliat  this  form  of  rheumatism  ranst  be  regarded  as 
inflammatorj  since  it  can  spread  as  inflammation.)  A  few  dajs 
after  the  pain  reaches  the  nerve-sheath  there  maj  be  all  the  signs 
of  intense  inflammation.  Mechanical  causes  also  sometimes  excite 
the  disease,  and  still  more  often  co-operate  with  other  influences. 
The  pressure  of  the  edge  of  the  chair,  in  those  who  sit  much,  is  the 
most  frequent  mechanical  cause.  Muscular  over-exertion  has  been 
thought  occasionally  to  excite  the  disease.  If  the  nerve  is  already 
tender,  a  strong  contraction  of  the  muscles  at  the  back  of  the  thigh, 
especially  when  the  knee  is  flexed,  and  the  muscles  can  freely  shorten 
and  widen,  may  produce  acute  pain  in  the  nerve,  evidently  by  its 
compression.  It  is  conoeivable,  therefore,  that  this  cause  may  be 
effective  in  a  predisposed  person.  Various  morbid  processes  within  the 
pelvis  may  cause  symptoms  of  sciatica,  usually  by  acting  on  the  sacral 
plexus.  Thus  rectal  and  other  tumours,  pelvic  inflammation,  and 
injury  during  labour  are  occasional  causes.  A  loaded  rectum  has  been 
thought  to  be  capable  of  producing  sciatica.  Mechanical  congestion  of 
the  plexus  of  veins  which  lies  over  the  sacral  plexus  of  nerves  is  usually 
regarded  as  an  occasional  cause,  but  this  is  somewhat  hypothetical, 
and  its  efficiency  can  scarcely  be  demonstrated.  Lastly,  the  sciatic  nerve 
may  be  secondarily  involved  in  mischief  that  is  outside  the  pelvis.  The 
most  frequent  cause  of  this  is  disease  of  the  bone,  and  especially  disease 
of  the  hip-joint.  In  all  these  forms  of  secondary  sciatica  the  symptoms 
are  due  partly  to  pressure  on  the  nerve,  partly  to  inflammation 
excited  in  it  by  the  pressure,  or  extending  to  it  from  the  adjacent 
disease. 

Pathological  Anatomy. — Sciatica  being  a  disease  that  does  not 
itself  cause  death,  observations  of  the  morbid  changes  are  few.  In 
most  cases  that  have  been  examined,  distinct  evidence  of  neuritis  has 
been  found,  chiefly  involving  the  nerve-sheath,  but  extending  in  some 
cases  to  the  interstitial  tissue.  The  changes  are  those  that  have  been 
already  described  in  the  account  of  neuritis  (p.  54).  In  recent  cases 
there  is  swelling  and  redness  of  the  sheath,  sometimes  thei-e  are  small 
hemorrhages,  and,  in  severe  cases,  similar  but  slighter  alterations  in 
the  instertitial  tissue,  with  secondary  damage  to  the  nerve-fibres.  The 
signs  of  inflammation  are  most  intense  at  the  sciatic  notch,  and  opposite 
the  middle  of  the  thigh.  They  may  be  limited  to  one  or  both  of  these 
places,  or  they  may  be  greatest  there,  and  extend,  in  slighter  degree, 
over  a  considerable  tract  of  the  nerve. 

Stmptoms. — The  chief  symptom  of  sciatica  is  pain  along  the  course 
of  the  nerve-trunk,  often  also  along  that  of  its  branches,  and  sometimes 
in  the  area  of  its  distribution.  The  affection  may  begin  suddenly, 
especially  in  cases  of  rheumatic  origin, — as  suddenly  as  lumbago — 
generally  about  the  hip  or  sacrum.  Some  sudden  movement  seems 
lo  excite  it,  but  there  has  usually  been  slighter  rheumatic  pain  in 
the  neighbourhood  for  a  day  or  two.  More  frequently  the  onset 
is  gradual;  slight  pain  is  felt  along  the  back  of  the  thigh,  on  move- 
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mcnts  and  in  postures  that  make  the  nenre  tense,  or  cause  pressnro 
upon  it.  As  the  disease  increases,  the  pain  is  more  readily  pro- 
duced, and  becomes  greater  in  degree,  until  at  last  the  patient  is 
free  from  induced  pain  onlj  when  at  rest  and  the  leg  is  in  a 
certain  position.  Any  movement  that  makes  the  nenre  tense  causes 
extreme  sufficing,  and  to  avoid  this  the  knee,  in  walkiug,  is  kept  slightly 
flexetl,  and  the  leg  held  stiffly  so  as  to  avoid  painful  changes  in  the 
tension  of  the  nerve.  As  the  pain  on  movement  increases,  spontaneous 
pain  is  added, at  first  chiefly  felt  in  the  nerve-trunk,  but  soon  spreading 
to  its  branches  and  distribution.  It  is  usually  most  intense  in  certain 
spots — (1)  above  the  hip-joint,  near  the  posterior  iliac  spine,  (2)  at  the 
sciatic  notch,  (3)  about  the  middle  of  the  thigh,  (4)  behind  the  knee, 
(5)  below  the  head  of  the  fibula,  (6)  behind  the  external  malleolus, 
(7)  on  the  back  of  the  foot.  The  pain  may  radiate  over  the  whole 
distribution  of  the  nerve,  but  it  is  often  so  distinctly  limited  to  the 
coui'se  of  the  trunk  and  branches,  that  the  patient  points  these  out 
with  exactness  when  he  indicates  the  course  of  the  paiu.  It  may 
be  dull  or  acute,  is  often  burning  in  character,  and  worse  at  night. 
It  may  seem  to  dart  downwards,  starting  from  the  highest  point. 
As  the  pain  on  movement  increases,  the  nerve-truuk  becomes  ex- 
tremely tender  to  pressure,  especially  along  the  back  of  the  thigh. 
Even  before  the  tenderness  becomes  considerable  it  may  often  be 
elicited  in  the  following  manner.  Let  the  patient  sit  on  a  chair  with 
the  knee  at  a  little  more  than  a  right  angle.  If  the  finger  is  then 
pressed  into  the  popliteal  space,  so  as  to  make  the  nerve  a  little  more 
tense,  a  pain  is  felt  in  the  course  of  the  nerve  at  the  back  of  the  thigh 
or  above  the  sciatic  notch.  It  is  due  to  the  sensitiveness  of  the  nerve 
to  tension,  and  is  a  very  useful  test.  It  is  of  much  diagnostic  value, 
especially  when  the  part  inflamed  is  high  up  within  the  pelvis,  and 
there  is  no  tenderness  to  pressure  at  the  ba<;k  of  the  thigh. 

Abnormal  sensations  other  than  pain  are  often  felt  in  the  area  of 
distribution  of  the  nei  ve, — tingling,  formication,  and  the  like ;  and  in 
severe  cases  there  may  be  irregular  spots  of  anaesthesia  on  the  back  of 
the  thigh,  on  the  leg,  or  the  foot.  The  affection  of  sensibility  at  the 
back  of  the  thigh  indicates  tbat  the  disease  extends  up  the  nerve,  above 
the  sciatic  notch,  to  the  origin  of  the  small  sciatic,  or  that  this  is 
involved  in  a  simultaneous  neuritis.  In  severe  cases  the  muscles 
suppliiKl  by  the  nerve  become  flabhy,  tender  to  the  touch,  and  sometimes 
distinctly  weak  and  wasted.  This  is  chiefly  noticeable  in  the  calf 
muscles.  There  may  be  slight  alteration  in  the  electrical  irritability, 
but  this  amounts  to  a  distinct  degenerative  reaction  only  in  very  severe 
cases.  Slight  fever  and  corresponding  constitutional  symptoms  may 
attend  an  onset  that  is  acute,  or  an  inflammation  that  is  intense. 
Chronic  cases,  however,  are  usually  not  attended  by  elevation  of 
temperature. 

Tlu'  duration  and  severity  of  the  affection  are  extremely  variable.  It 
i\%j  be  tTidmi,'  in  dt^ree,  causing  paiu  on  movement  only,  and  this 
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XDMj  pass  away  in  the  course  of  a  few  weeks.  On  the  other  hand,  the 
spontaneous  pain  maj  be  so  continuous  and  intense  that  sleep  can  be 
obtained  only  bj  the  help  of  narcotics,  and  the  disease  may  last  for 
many  months,  and  even  for  a  year.  In  most  cases  that  last  more 
than  a  year  there  is  really  a  relapse  of  the  affection.  Improvement  is 
shown  by  the  subsidence  of  spontaneous  pain,  followed  by  the  slow 
diminution  of  the  pain  on  movement,  and  of  the  tenderness  of  the 
nerve.  The  muscular  wasting,  which  occurs  in  severe  cases,  may  last 
long  after  the  active  stage  of  the  disease  in  the  nerve  ;  and  fibrillary 
oon tractions  in  the  muscles  that  have  been  affected  may  continue  for 
years,  and  are  sometimes  accompanied  by  a  tendency  to  painful 
cramp.  For  a  long  time  after  the  attack  is  over,  pain  is  felt  in  the 
nerve  in  certain  postures.  Occasionally  a  secondary  neuralgia  is  set 
op,  extending  outside  the  sciatic  area.  The  disease  is  prone  to  relapse, 
and  still  more  prone  to  rei*ur  after  recovery.  A  second  attack  may 
occur  in  the  same  or  in  the  other  leg,  but  both  legs  are  scarcely  ever 
affected  at  the  same  time.  I  have  only  once  known  a  true  primary 
sciatic  neuritis  to  be  bilateral. 

The  cases  of  secondary  sciatica  depending  on  disease  outside  the 
nerve,  compressing  or  irritating  it,  differ,  in  some  respects,  from  the 
primary  form.  Fiiin  is  felt  less  in  the  nerve-trunk  than  in  its  distri- 
bution. The  difference  is  not  absolute ;  it  is  one  of  degree.  There  is 
rarely,  however,  the  tenderness  of  the  nerve  that  is  so  common  in 
primary  sciatica.  The  course  of  the  secondary  cases  is  also  different, 
and  de(>ends  on  the  course  of  the  original  disease. 

Complications  of  sciatica  are  rare,  but  one  or  two  deserve  mention. 
Cutaneous  eruptions,  usually  herpetic  in  character,  have  been  occa- 
sionally met  with.  These  may  heal  slowly,  but,  in  themselves,  they 
are  unimportant.  Sometimes  the  epidermis  exfoliates ;  oedema  of 
the  limb  occurs  in  rare  cases.  A  graver  complication,  but  happily  a 
rare  one,  is  a  tendency  of  the  mischief  to  ascend  the  nerve.  Thus  sym- 
ptoms may  spread  from  the  region  of  the  sciatic  to  that  of  the  lumbar 
piexus ;  the  pain  may  spread  to  the  front  of  the  thigh,  and  the  exten- 
sors of  the  knee  may  become  flabby  and  weak.  This  is  probably  due  to 
the  passage  of  an  ascending  neuritis  up  the  lumbo-sacral  cord.  In 
extremely  rare  cases  the  morbid  process  has  apparently  reached  the 
spinal  oord«  and  indications  of  cord  disease  have  thus  succeeded  those 
of  a  primary  and  apparently  simple  sciatica. 

Patholoot. — The  nature  of  the  disease  has  been  alreadv  indicated. 
The  evidence  that  the  disease  is  a  neuritis,  and  not  a  neuralgia,  is 
chiefly'  threefold.  The  conditions  under  which  the  disease  occurs 
are  very  different  from  those  that  attend  unquestionable  neuralgia  in 
other  situations.  This  has  been  remarked  with  surprise,  even  by  those 
who  regard  it  as  a  neuralgia,  but  who  have  failed  to  see  the  signifi* 
cance  of  the  difference.  Secondly,  the  neuritic  naturo  of  the  affection 
is  clearly  indicated  by  the  facts  of  patholoi^ical  anatomy,  scanty  though 
these  are.     Thirdly,  the  symptoms  in  severe  cases  are  proof  of  the 
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existence  of  neuritis,  the  wasting  of  the  muscles  and  the  ansBsthesia 
iudicate  structural  damage  to  the  nerve-fibres,  and  preclude  anj  other 
explanation.  There  is  eyerj  gradation  between  these  seyere  forms 
and  those  which  are  slight,  and  the  symptoms  in  the  latter  are 
identical  with  those  of  the  earlier  stage  of  the  severe  cases. 

The  symptoms  find  their  explanation  in  the  character  of  the  morbid 
process,  and  the  facts  of  neuritis  in  general,  already  described,  apply 
to  this  disease  in  every  point.  It  is  primarily  a  perineuritis;  the 
pain  in  the  nerve  and  its  tenderness  are  due  to  irritation  of  the  sheath- 
nerves.  The  pain  referred  to  the  distal  portions  of  the  nerve  is  due  to 
the  irritation  of  the  proper  fibres  by  the  interstitial  inflammation,  while 
their  greater  damage  explains  the  aniasthesia  and  muscular  wasting. 

DiAOKOsis.— The  diagnosis  of  sciatica  rests  on  the  position  of  the 
pain— on  the  relation  of  this  to  the  trunk  of  the  nerve,  and  to  its  area 
of  distribution.  But  the  recognition  of  this  relation  does  not  alone 
suffice  for  the  diagnosis.  We  have  to  consider  the  distinction  from 
other  pains  in  the  sciatic  area,  to  discriminate,  if  we  can,  sciatio 
neuritis  from  sciatic  neuralgia,  and  to  decide  whether  the  affection 
of  the  nerve  is  primary,  or  is  secondary  to  mischief  outside  it.  It 
should  be  needless  to  say  that  pain  felt  only  on  the  outer  side  of  the 
thigh  is  not  sciatica,  although  the  name  is  sometimes  applied  to  such 
cases,  apparently  because,  some  name  being  needed,  that  of  the 
nearest  affection  is  chosen. 

Branches  of  the  sciatic  nerve  and  sacral  plexus  ramify  over  the  hip- 
bone, and  i^in  in  sciatica  may  be  felt  near  the  hip-joint ;  hence  disease 
of  this  joint  and  sciatica  may  be  confounded.  The  pain  in  simple 
disease  of  the  hip-joint  does  not  extend  down  the  back  of  the  thigh 
in  the  course  of  the  sciatic,  and  there  is  no  tenderness  of  the  nerve. 
The  danger  of  this  error  is  not  great  if  a  careful  examination  is  made, 
and  has  been  much  exaggerated  by  writers  unfamiliar  with  the  charao- 
teristic  symptoms  of  true  sciatica. 

The  distinction  between  a  sciatic  neuritis  and  a  sciatic  neuralgia  is 
sometimes  difficult,  although  less  frequently  than  might  be  inferred 
from  current  accounts  of  these  diseases,  in  which  the  history  of  the 
neuralgia  has  l»een  written  from  the  symptoms  of  the  neuritis.  If  we 
recognise  that  all  cases  of  sciaticii  with  persistent  tenderness  of  the 
nerve  are  really  neuritic,  cases  of  sciatic  neuralgia  become  extremely 
rare.  The  two  diseases  occur  usually  under  diffei*ent  conditions  :  the 
subjects  of  neuralgia  have  often  suffered  from  neuralgia  elsewhere, 
and  are  generally  weakly  and  ansemic.  The  pain  is  from  the  first 
si>out&neous ;  posture  has  little  influence  u{K>n  it ;  movement  is  not 
itself  painful,  although  it  may  excite  paroxysms  of  pain.  The  pain  is 
referred  t/O  tbe  branches  and  distribution  of  the  nerve  rather  than  to 
its  trunk,  or  it  darts  up  or  down  the  trunk  ;  and  tenderness  of  the 
nerve,  if  it  exists,  is  altogether  subordinate  to  the  spontaneous  pain. 

Secondary  sciatica  is  usually  produced  by  disease  of  bone  about  the 
hip-joint,  or  of  the  joint  itself,  or  by  distrase  in  tbe  pelvis.     In  the 
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former  case  a  careful  examination  (nex^r  to  W  <MBiitti^  ui  a&f  v-u^i^ 
of  aciatica)  at  once  rereals  the  miscliieC  When  tW  <lft;$aM5i^  i»  vUKfcH 
the  peWia,  the  tenderness  of  the  trank  of  tihe  hmt^^  »  »l.ii^l  ua  |vrvr« 
portion  to  the  pain,  and  this  drcamstanee  sboaki  aI«;ftT$  Wvl  li>  a 
careful  search  for  anj  indication  of  pelrie  niadiiifiL  In  anj  oaai»  oJt 
doubt  a  rectal  examination  should  be  made. 

Sciatic  pain  occurs  in  some  diseases  of  the  bones  of  llie  »fitt<^«  in 
lesions  of  the  cauda  equina,  and  occasionallj  in  disidase  of  lh<»  s^uu^l 
cord  itself.  In  these  cases  we  hare  little  or  no  tenderness  of  tbe 
nerre ;  the  pain  is  chieflj  peripheral,  and  Terr  often  bilateiaL  IK>ubli» 
true  sciatica  is  so  rare  that  bilateral  pain  should  alwars  su^rv^^  dbeav^ 
of  the  nerre- roots.  The  pains  of  locomotor  ataxr  are  often  felt  in 
the  sciatic  area,  and  occasionallj  follow  the  cour^se  of  the  sciatic  nerr^ ; 
but  their  wider  range,  their  fugitiTe  character,  and  their  a^ssociatioa 
with  other  symptoms  of  tabes,  should  preveut  an  error. 

PaooNOSiB. — ^The  prognosis  of  sciatica,  not  de|>endent  on  diseas«» 
outside  the  nerve,  is  always  good  as  regards  ultimate  n^VTerr.  As  a 
general  rule,  the  probable  duration  of  the  disease  is  proportioned  to 
the  seTeritj  of  the  symptoms.  The  practicabilitT  of  adequate  r^st  is 
an  important  element  in  the  prognosis.  Irritating  exertion  may 
lengthen  the  duration  of  the  disease  by  many  mouths,  and  indeed 
relapse  may  follow  each  partial  recovery  until  one  or  eren  two  yearn 
may  pass  before  the  sufierer  at  last  beco-ues  free  from  paiu.  When 
the  nerve  is  so  sensitive  that  the  patient  cannot  stand,  the  affection 
will  continue  for  some  months. 

T&CATMENT. — The  principles  of  the  treatment  of  sciatica  are  those 
of  neuritis  already  described,  and  only  the  points  of  special  importance 
n»-ed  be  here  repeated.  In  all  cases  rest  to  the  limb  is  essential,  and 
its  iirgency  is  proportioned  to  the  acuteness  and  severity  of  the  sym- 
ptoms. Many  slight  cases  are  converted  into  severe  ones  by  unwise 
exertion.  All  postures  and  all  movements  which  increase  pain  should 
be  avoided.  The  same  principle  applies  to  mechanical  compression  of 
the  nerve  by  hard  seats,  and  by  strong  contractions  of  the  flexors  of  the 
knee.  In  more  positive  treatment  the  possible  causes  of  the  disease 
must  be  remembered.  In  gouty  cases  saline  purgatives  are  often  of 
signal  service,  and  are  distinctly  useful  in  preventing  attacks  in  those 
who  are  liable.  In  the  acuie  stage  of  a  severe  attack,  hotllnseed-meal 
poultices  should  be  app'led  along  the  course  of  the  nerve.  Counter  irri- 
tation is  of  great  value,  and  cannot  be  employed  too  early.  A  com- 
mencing attack  may  often  be  cut  short  in  a  few  days  by  rest,  and  a 
■eries  of  mustard  plasters  or  small  blisters  applied  over  the  seats  of 
pain,  as  this  changes  under  their  influence,  chasing  it,  as  it  were,  from 
one  spot  to  another,  until  it  disappears.  Internally,  whenever  there  is 
reason  to  believe  that  active  inflammation  exists,  mercury  should  be 
g:iTen — a  grain  of  blue  pill  twice  daily  ;  nothing  else  seems  distinctly  to 
influence  the  process.  Salicylate  of  potash  or  lithia  and  nitrous  ether 
should  also  be  given  at  the  onset — soda  salts  being  avoided.     Sponta* 
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neons  pain  can  onlj  be  relieyed  hj  sedatiyeB.  Morpbia  is  the  snrest,  but 
it  should  onlj  be  used  for  the  relief  of  severe  spontaneous  pain.  In  no 
malad  J  has  cocaine  proved  of  more  signal  service.  It  should  be  injected 
pretty  deeply  at  the  seat  of  pain,  but  never  into  the  nerve.  One  twelfth 
of  a  grain  may  be  first  used,  increased  rapidly  to  a  third  or  half  a  grain. 
It  relieves  pain,  although  not  in  the  same  degree  as  morphia,  but  it  has 
a  powerful  action  in  promoting  the  subsidence  of  the  inflammation, 
as  described  in  the  account  of  neuritis.  Morphia,  although  equally 
effective  elsewhere,  may  also  be  injected  with  advantage  over  the 
inflamed  part  of  the  nerve,  so  as  to  combine  the  counter-irritation  of 
cutaneous  acupuncture  with  some  local  as  well  as  general  sedative 
influence.  Simple  acupuncture  along  the  course  of  the  nerve  has 
been  recommended ;  it  g^yes  temporary  relief  to  the  sciatic  pain,  as 
does  any  superficial  pain,  but  the  cases  are  very  few  in  which  it  has  a 
permanent  effect.  Sedative  or  counter-irritant  liniments  and  oint- 
ments may  also  be  applied  along  the  course  of  the  nerve ;  the  most 
useful  are  belladonna  liniment  mixed  with  an  equal  part  of  chloroform 
liniment,  and  aconite  ointment,  rubbed  in  until  distinct  tingling  is 
produced.  Electricity  is  chiefly  useful  in  the  Liter  stages ;  its  method 
of  use  has  been  described  in  the  account  of  the  treatment  of  neuritis. 
In  very  obstinate  cases,  nerve-stretching  has  done  good;  sometimes, 
perhaps,  by  releasing  the  nerve  from  compressing  adhesions,  but  pro- 
bably more  often  by  effecting  an  energetic  counter-irritation,  and 
enforcing  a  beneficial  rest. 

To  prevent  recurrence  the  causes  should  be  carefully  avoided,  and 
any  gouty  state  lessened  by  an  appropriate  regimen.  Slight  threaten- 
ing pain  should  be  met  by  more  rest,  counter-irritation  by  sinapisms, 
and  the  careful  avoidance  of  sudden  movements  especially.  If  there 
is  the  sacro-lumbago  that  often  precedes  sciatica,  the  pain  produced  bj 
rising  from  a  seat  may  often  be  lessened  by  a  few  moments'  rubbing. 
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The  term  "  multiple  neuritis,"  or  "  polyneuritis,"  is  applied  to  the 
condition  in  which  many  nerves  are  inflamed  simultaueounly  or  in 
rapid  succession.  This  multiplicity  is  its  most  obtrusive  feature. 
In  most  forms,  moreover,  the  nerves  affected  are  the  same  on  the  two 
sides ;  the  neuritis  is  not  only  multiple,  it  is  symmetrical ;  and  when, 
as  is  sometimes  the  case,  only  a  few  nerves  are  involved,  even  one 
only  on  each  side,  the  symmetry  becomes  a  more  salient  feature  than 
the  multiplicity.  Another  important  characteristic  is  its  peripheral 
distribution ;  usually  most  intense  at  the  extremities  of  the  nenres,  it 
lessens  pro^rressively  towards  the  centre,  commonly  ceasing  long  Ix^fore 
the  nerve-roots  are  reached.     Hence  it  has  also  been  termed  "  peri« 
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pheral  neuritis,*'  a  name  that  is  accurate  but  somewhat  confusing, 
inasmuch  as  the  term  has  been  applied  to  affections  of  nerve-trunks 
geiierulij,  in  distinction  from  central  diseases  causing  similar  sym- 
ptoms. 

The  discovery  that  certain  combinations  of  symptoms,  formerly 
thought  to  depend  on  disease  of  the  spinal  cord,  are  really  due  to 
disease  of  the  peripheral  nerves,  is  one  of  the  most  important  steps 
in  the  recent  advance  of  pathology.  It  has  profoundly  modified 
many  of  our  conceptions,  not  only  of  the  processes  of  disease,  but  of 
the  range  and  action  of  certain  morbid  influences,  and  has  shown  that 
much  of  our  supposed  knowledge  of  the  central  affections  of  corre- 
sfkonding  aspect  was  erroneous,  and  the  history  of  these  maladies  has 
to  be  reinvestigated. 

The  occurrence  of  multiple  neuritis  was  first  demonstrated  by 
Dumenil,  of  Kouen  (1864),  although  the  leprous  form  bad  been  pre- 
viously described  by  Virchow.  Graves,  indeed,  long  ago  suspected 
that  many  cases  of  paralysis  were  due  to  disease  of  the  nerves,  but  he 
based  his  opinion  on  the  normal  aspect  of  the  spinal  cord ;  and  in 
most  ot  the  cases  he  describes  it  is  probable  that  modern  methods  of 
examination  would  have  revealed  disease.  Naturally,  also,  symptoms 
so  peculiar  bad  attracted  tbe  notice  of  clinical  observers,  and  were 
descrii^ed  from  time  to  time;  first,  perhaps  (1822),  by  Dr.  J.  Jackson, 
of  Boston,  U.S.A.,  and,  much  later,  but  fully,  by  Duchenne  (1858).* 
Dumenirs  observations  attracted  little  notice,  and  it  was  not  until 
fresh  facts  were  brought  forward  by  Joffroy  (1879),  Leyden  (1880), 
and  Grainger  Stewart  (1881),  that  attention  was  generally  directed 
to  the  subject.  During  the  last  ten  years  a  very  large  number  of 
observations  have  been  published,  and  the  general  history  of  the 
disease  is  now  established  on  an  adequate  basis. 

Tbe  peculiarities  of  distribution  of  multiple  neuritis  harmonise  with 
what  is  knowu  of  its  pathology.  In  isolated  neuritis  the  primary 
affection  is  of  the  nerve-sheath  and  connective  tissue — the  neuritis 
is  "  adventitial ;"  in  the  symmetrical  multiple  forms  the  nerve- 
fibres  themselves  are  almost  always  tbe  seat  of  the  primary  process; 
tbe  connective  tissue  and  sheath  suffer  secondarily  and  in  proportion 
to  the  acuteness  of  the  process  in  the  nerve-elements — the  neuritis  is 
*•  parenchymatous." 

Tbe  forms  of  multiple  neuritis  which  are  thus  characterised  by 
their  symmetry  and  parenchymatous  nature  are  due  entirely  to  a 
morbid  blood-state  having  a  direct  influence  on  the  nerve-tissue. 
Their  cause  is  the  presence  in  the  blood  of  some  yirus,  often  an  organic 

*  The  first  ascription  of  a  form  of  paralysis  to  this  lesion  was  by  Dr.  Todd,  in  the 
ease  of  lead  f^sy.  "I  believe  that  the  muscles  and  nerves  are  early  affected,  and 
that  at  a  later  period  the  nerve-centres  become  implicated.  The  nervous  system  is 
thus  first  affected  at  its  periphery,  in  the  nerves,  and,  the  poisoning-  influence  con- 
tinainir,  the  contamination  gradually  advances  towards  the  centre **  (' Clin.  Led.* 
1854,  p,  9). 
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or  inorganic  chemical  compound,  to  which  the  nerve-fibres  are  bus* 
ceptibie,  just  as  thej  are  susceptible  to  curara,  or  the  motor-cells  to 
strychnia,  or  the  nerves  for  accommodation  to  atropia.  It  is  ao 
instance  of  what  has  been  termed  "selective  action/'  the  mani- 
festation equally  of  a  peculiarity  in  the  acting  vims  and  in  the 
structures  acted  on.  The  peripheral  distribution  of  the  affection  is 
probably  due  to  the  fact  that  the  vital  and  nutritional  energy  of  the 
nerve-fibres  lessens  with  the  distance  from  the  cells  of  which  they  are 
part,  and  from  which  their  vitality  is  derived.  The  relation  to  u 
blood-state  as  the  cause  explains  also  the  symmetry  of  the  affection, 
since  the  like  structures  on  each  side  possess  the  same  characteristics, 
and,  being  equally  exposed  to  the  morbid  influenoe,  there  is  no  reason 
why  the  nerve-elements  on  one  side  should  suffer  alone,  or  even  in  lest 
degree,  than  those  on  the  other  side. 

Isolated  neuritis  may  be  caused  in  part  by  a  constitutional  or  blood 
state,  but  is  not  due  to  this  alone  ;  bome  exciting  cause  is  in  operation* 
acting  locally  and  determining  the  position  of  the  affection.  Hence 
it  is  rare  for  such  neuritis  to  be  multiple,  and  when  more  than  one 
nerve  is  affected  the  distribution  is  irregular  and  not  symmetrical 
Gouty  neuritis  affords  an  illustration  of  this.  Moreover,  in  these 
forms  the  connective  tissue,  and  especially  the  sheath  of  the  nerve,  is 
the  part  primarily  affected,  and  the  nerve-fibres  are  damaged  only  in  a 
secondary  manner.  Between  the  two  chief  forms  of  neuritis,  the  isolated 
or  irregular  adventitial  and  the  parenchymatous  symmetrical  forms, 
there  is  thus  an  essential  difference. 

Between  the  two  classes,  however,  certain  forms  seem  to  occupy 
an  intermediate  position.  These  are  the  forms  of  multiple  neuritis 
in  which  sometimes  the  one  and  sometimes  the  other  element  in  the 
nerve  seems  to  suffer  most,  or  in  which  both  are  involved.  We  must, 
however,  distinguish  from  these  the  cases  in  which  mere  acuteness  of 
the  process  causes  both  elements  to  be  involved ;  in  ^vhich,  for  in- 
stance, a  very  acute  parenchymatous  neuritis  causes  some  degree  of 
adventitial  inflammation,  or  acute  adventitial  inflammation  involves 
the  nerve-fibres.  These  cases  conform  in  distribution  to  the  type  to 
which  they  belong ;  the  primary  parenchymatous  neuritis,  and  it 
alone,  being  strictly  symmetrical.  But  there  are  other  cases  in  which 
the  causes  are  combined.  Alcoholism,  for  instance,  the  most  common 
toxic  cause,  may  be  due  to  a  mode  of  life  that  has  also  produced  gout, 
and  then  isolated  gouty  perineuritis  may  accompany  general  poly- 
neuritis of  parenchymatous  nature  and  symmetrical  distribution. 
Exposure  to  cold,  again,  may  cause  a  "  rheumatic "  perineuritis, 
either  of  a  single  nerve,  or  of  a  few  nerves  irregularly  distributed  ; 
and  it  may  also  produce  a  blood-state  allied  to  that  of  acute  rheu- 
matism, and  thus  a  symmetrical  parenchymatous  polyneuritis.  An 
important  cause  of  neuritis  is  toxsemia  due  to  the  development  of 
specific  organisms  in  the  blood,  sometimes  those  that  cause  a  definite 
disease,  as  diphtheria  or  smallpox.    Such  organisms  seem  occasionally 
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to  fix  themselTes  in  the  connective  tissue  of  the  nenres,  causing  an 
irregular  adventitial  neuritis,  and  also  to  leave  behind  a  product, 
perhaps  a  chemical  substance,  comparable  to  alcohol,  capable  of  causing 
a  parenchymatous  neuritis.  The  two  forms  may  then  be  conjoined  in 
a  puzzling  manner.  It  is  probably  thus  that  the  forms  of  diffuse  or 
total  neuritis  are  produced,  occasioDally  met  with  in  diphtheritic 
paralysis. 

From  these  considerations  it  follows  that  symmetrical  multiplicity 
means  a  blood-state  acting  alone ;  irregular  multiplicity  generally 
means  a  constitutional  state  combined  with  local  determining  causes. 
When  very  few  nerves  are  affected  irregularly,  the  genei*al  iufluence 
sinks  to  the  level  of  a  predisposition,  and  this  is  not  always  to  be 
recognised  when  a  single  nerve  is  affected. 

The  classes  into  which  multiple  neuritis  may  be  divided  can  now  be 
better  understood.  They  depend  chiefly  on  the  several  causes  to 
which  the  affection  is  due.  The  acuteness  or  slowness  of  its  onset 
has  also  been  made  a  ground  of  distinction.  As  we  have  seen,  the 
leas  acute  the  process  the  more  perfect  is  the  limitation  to  the  one 
element,  the  sheath  or  the  nerve-fibres.  In  the  most  chronic  form  the 
process  in  the  nerve- elements  resembles  a  degeneration,  and  has  been 
termed  *' degenerative  neuritis."  Underlying  this  distinction,  however, 
was  the  idea  that  only  the  chronic  forms  commence  in  the  nerve-fibres 
themselves,  and  that  in  the  more  acute  forms  the  counective  tissue  is 
also  primarily  involved.  It  is  certain,  however,  that  this  is  not  the 
case,  although  the  secondary  affection  of  the  connective  tissue  is 
intense  in  proportion  to  the  acuteoess  of  the  disease.  From  most 
causes  we  meet  with  cases  both  acute  and  chronic. 

The  forms  of  multiple  neuritis,  classified  according  to  what  is 
known  of  their  causes,  may  be  provisionally  thus  tabulated.  No 
arrangement  can  be  free  from  anomalies  until  we  know  more  of  the 
causes  and  of  the  mechanism  by  which  the  varieties  are  produced. 
Provisionally,  however,  that  we  may  survey  their  relationship,  the 
forms  may  be  divided  into  five  groups. 


I.  Toxic  :  due  to  the  presence  in  the  blood  of  a  known  poison,  which  may 
(a)  MetaUie:  lead,  arsenic,  silver,  Ac. 

(6)  Non'meiaUie,  as  alcohol — the  most  frequent  cause.  With  this  may 
perhaps  be  placed  the  neuritis  that  oocnis  in  diabetes,  which 
probably  depends  on  the  presence  in  the  blood  of  some  snbetanoe 
allied  to  sugar,  and  formed  only  daring  the  altered  metabolism 
of  this  disease. 

II.  Toxjoac :  due  to  some  virus  in  the  blood,  the  precise  nature  of  which  is 
unknown,  but  whi:*h  is  probably  in  most  cases  either  an  organism  or  a 
chemical  product  of  the  growth  of  organisms.  These  cases  may  be  di  vided 
into  two  classes. 

(a)  Frimaryt  in  which  the  neuritis  is  part  of  the  first  effects  of  the 
virus,  as  distinguished  from  the  cases  in  which  this  first  pro- 
duces aome  other  disease.     The  primaiy  forms  again  may  be 
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subdivided,  according  as  the  viras  is  derived  from  withoni,  or 
(apparently)  generated  within  the  body. 

(1)  ExtraneonR,  the  virus  being  derived  from  without,  as  are 

the  organisms  that  cause  directly  the  neuritis  of  leprosy; 
and  probably  also  some  forms  of  neuritis  the  orig^of 
which  has  not  yet  been  based. 

(2)  Intrinsic,  in  which  the  virus  is  produced  within  the  body, 

as  probably  in  many  cases  of  septicsBmio  neuritis  after 
wounds,  (fee.     It  is  possible,  however,  that  these  ca^es 
may  ultimately  be  found  to  have  an  extraneous  origin. 
(h)  Secondary,  in  which  the  toxeemio  agent  first  causes  some  definite 
disease,  which  is  followed  by  polyneuritis  as  a  sequel,  an  interval 
of  some  weeks  or  even  months  elapsing  between  the  two  effects. 
The  neuritis  is  then  sometimes  said  to  be  caused  by  the  disease. 
Probably,  as  already  explained,  the  neuritis  is  generally  doe  to 
some  chemical  product  of  the  growth  of  the  organisms  in  the 
body.    Examples  of  this  are  the  polyneuritis  that  follows  diph- 
theria, smallpox,  variola,  typhoid,  tuberole,  and  perhaps  syphilis. 
In  some  of  these,  as  already  explained  (p.  110),  two  mechanisms 
may  be  at  work — one  direct,  the  other  indirect. 

III.  Endemic  :  the  neuritis  that  is  due  to  local  organisms  which  have  this  for 

theii  primary  or  secondary  effect.  The  chief  forms  are  malarial  neuritis 
and  the  disease  called  beri-beri.  Strictly,  however,  these  belong  to  II,  a,  1« 
primary  toxeemic  neuritis  due  to  a  cause  acquired  from  without ;  but  their 
peculiar  local  characteristics  make  it  convenient  to  separate  them. 

IV.  IlHEUifATio :   the  multiple  neuritis  that  follows  exposure  to  cold,  and  it 

probably  due  to  a  morbid  blood-state  like  that  which  gives  rise  to  rheu- 
matic fever,  pneumonia,  polio-myelitis,  and  the  like.  It  is  possible  that 
these  belong  strictly  to  II,  a,  2,  the  primary  neuritis  due  to  a  blood-state 
of  intrinsic  origin,  but  they  constitute  a  well-marked  group. 

y.  Cachectic  and  benilb  forms,  in  which  degeneration  of  the  nerves  seems  part 
of  general  mal-nutrition,  and  begins  at  the  periphery  where  their  vitality 
is  lowest.  Some  of  these  cases  may  be  really  neuropathio,  and  dne  to  the 
same  causes  as  produce  degeneration  in  the  spinal  oord;  while  among  the 
senile  forms  must  be  reckoned  not  only  those  due  simply  to  age-failure  of 
nutrition,  but  the  rare  instances  in  which  ai*terial  degeneration  and 
lessened  blood-supply  produce  local  necrotic  changes  in  the  nerve. 

It  is  not  necessary  to  consider  here  the  particulars  regarding  the 
causation  of  all  these  forms.  The  neuritis  due  to  the  Metallic  Poisons 
is  described  in  Vol.  II  in  connexion  with  their  other  effects  on  the 
nervous  system ;  there  also  Diphtheritic  Neuritis  is  considered  in  the 
account  of  this  paralysis  (which  is  not  wholly  peripheral),  and  most 
of  the  secondary  toxeemic  forms  find  their  place  in  the  account  of  the 
Paralyses  after  Acute  Diseases.  Malarial  neuritis,  Beri-beri,  and 
Leprous  neuritis  are  cousidered  separately  at  the  end  of  this  section. 
The  forms  that  need  special  consideration  in  this  place  are  certain 
varieties  of  '*  primary"  polyneuritis,  toxic  or  toxsemic,  the  "secondary" 
toxsemic  forms  of  intrinsic  origin,  the  rheumatic,  diabetic,  and  the 
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cachectic  forms — in  most  of  wliich  the  symptoms  of  polyneuritis 
develop  as  an  apparently  independent  disease,  and  not  as  the  sequel 
to  some  other  afifection.  Of  the  other  forms,  however,  some  notice 
must  be  taken  where  they  come  into  important  contrast  or  comparison 
with  those  now  specially  considered. 

By  far  the  most  common  cause  of  multiple  neuritis  is  alcoholism,  and 
this  Tariety  must  therefore  furnish  us  with  the  most  important  facts 
regarding  the  clinical  history  of  the  disorder.  But  it  may  be  well  first 
to  consider  briedy  the  causation  of  some  of  the  less  frequent  varieties. 

Syphilitic  neuritis  is  mainly  an  affection  of  single  nerves,  and,  as 
such,  has  been  already  considered.  These  probably  suffer  in  couse- 
quenoe  of  the  direct  action  of  the  organisms  on  the  adventitial  tissues, 
and  coincide  in  time  with  other  "  secondary "  syphilitic  lesions.  It 
has  been  conjectured  that  true  acute  multiple  neuritis  may  be  directly 
syphilitic,  but  the  evidence  of  this  is  insufficient.  We  may,  however, 
see  a  true  parenchymatous  syphilitic  polyneuritis  in  the  tabetic  form, 
in  which  the  sensory  fibres  are  affected  at  the  periphery;  tabes  is 
generally  a  post- syphilitic  disorder,  and  parenchymatous  degenerative 
neuritis  is  a  common,  and  sometimes  the  only  lesion  in  this  affection. 
This  "  peripheral  neuro-tabes,"  as  it  is  termed,  may  not  unreasonably 
be  regarded  as  an  effect  of  some  product  of  the  specific  organisms, 
comparable  to  the  less  chronic  forms  of  neuritis  that  succeed  less 
chronic  specific  diseases,  such  as  diphtheria  or  smallpox.  The  subject 
is  considered  in  the  section  on  Locomotor  Ataxy,  but  it  is  important 
to  mention  it  here,  because  this  disease  presents  an  example  of  central 
and  peripheral  lesions  due  to  the  same  cause,  and  because  an  affec- 
tion of  the  sensory  nerves  almost  identical  in  distribution  and  nature, 
and  giving  rise  to  similar  effects,  is  sometimes  the  consequence  of 
alcohol,  and  occasionally  also  of  other  agents,  as  arsenic. 

Tubercular  polyneuritis  is  a  form  regarding  which  we  have  still 
much  to  learn.  It  has  occasionally  developed  in  the  course  of  phthisis, 
and  has  been  found  to  be  of  the  purely  parenchymatous  or  degenera- 
tive variety.  Severe  cases,  with  characteristic  motor  and  sensory 
symptoms,  in  which  other  causes,  such  as  alcohol,  can  be  excluded,  are 
rare,  but  their  occurrence  is  well  established,*  and  they  seem  to  justify 
the  conclusion  that  the  tubercle  bacillus  is  capable  of  producing  a 
poison  having  a  specific  action  on  the  nerves — a  mechanism  also  indi* 
cated  bv  the  fact  that  the  bacilli  themselves  cannot  be  found  in  the 
affected  structures.  It  is  said  that  similar  slighter  neuritis  is  frequently 
to  be  found  after  death  in  cases  of  phthisis,  and  probably  produces  sym- 
ptoms that  are  overlooked  in  the  general  prostration  of  the  later  stages 
of  the  disease.  Some  severe  cases  recorded  as  tubercular  are,  howevsjr. 
Dot  free  from  the  suspicion  that  alcohol  was  in  part  or  wholly  the 
cause  of  the  neuritis.  There  is,  moreover,  another  relation  between 
multiple  neuritis  and  phthisis;  the  latter  often  develops  in  the  course 
of  alcoholic  neuritis,  and  is  a  frequent  cause  of  death.  It  is  not  im- 
•  See  Oppenbeim,  *  ZeitscUr.  f.  kliii.  Aled./  lSii6,  p.  230. 
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prohaMe  that  a  neuritis  of  the  pulmonary  branches  of  theyagusleadi 
to  the  low  pneumonic  form  of  phthisis  that  is  generally  found  in  such 
cases,  and  this  may  even  render  the  tubercular  organisms  more  effec- 
tive if  they  find  entrance  into  the  lungs.  Although  gout  is  so  power- 
ful a  cause  of  isolated  neuritis,  there  is  no  evidence  that  it  causes  the 
multiple  form,  although  it  may  perhaps  modify  the  symptoms  of  this 
by  adding  to  it  an  isolated  perineuritis. 

The  Acute  Diseases  that  may  be  followed  by  neuritis  are  especially 
diphtheria,  variola,  measles,  typhus  and  typhoid  fevers.  The  interval 
that  usually  elapses  between  the  acute  disease  and  the  neuritis  supports 
the  opinion  that  the  latter  is  due  to  a  chemical  poison  produced  by  the 
8)»ecific  organisms;  and  so  also  does  the  perfect  symmetry  of  the 
symptoms,  since  the  toxic  agent  must  be  such  as  can  have  an  equal 
action  on  all  similar  structures.  Moreover,  the  occurrence  of  the 
neuritis  is  not  related  to  the  severity  of  the  primary  disease,  and  thus 
seems  to  be  due  rather  to  some  peculiarity  in  the  special  organisms, 
such  as  so  often  determines  peculiar  features  in  an  epidemic.  In  one 
case,  which  develo()ed  six  weeks  after  varioloid,  with  pains  in  the  limbs, 
atrophy  of  the  arms  and  legs,  &c.,  the  purely  neuritic  nature  of  the 
morbid  process  was  ascertained  six  months  later,  when  the  patient 
died  from  pneumonia.  In  diphtheria,  as  already  pointed  out,  we  seem 
to  trace  a  double  mechanism, — an  early  direct  action  of  the  organisms 
on  the  adventitial  tissue  in  some  cases,  and  a  later  parenchymatous 
neuritis  due  to  some  product  of  their  growth,  more  abundant  and 
effective  in  some  cases  than  in  others.  Malarial  neuritis  seems  to 
occupy  a  position  intermediate  between  the  secondary  and  primary 
forms,  since  it  sometimes  follows  malarial  fever,  and  sometimes  develops 
without  previous  fever  in  those  who  have  been  exposed  to  the  influence 
of  malaria.     It  is  described  separately  as  one  of  the  endemic  forms. 

Of  the  Primary  Toxsemic  varieties  a  typical  example  is  presented  by 
another  endemic  form,  beri-beri,  which  is  the  sole  result  of  an  organised 
virus,  or  of  a  product  of  the  organisms.  This  also  is  considered  in  a 
separate  section,  but  its  history  deserves  careful  study  on  account  of  the 
light  it  throws  on  the  pathology  and  causation  of  other  forms  of  poly- 
neuritis, in  which  the  processes  are  less  simple  and  therefore  less  clear. 

An  instructive  contrast  to  beri-beri,  which  is  a  purely  parenchyma- 
tous form,  is  presented  by  leprous  neuritis,  also  described  sepa- 
rately. Here  we  find  a  purely  adventitial  form,  due  to  the  direct 
presence  of  the  organisms  in  the  connective  tissue.  The  contrast 
presented  by  these  two  forms  is  almost  complete. 

Se}dicjemic  polyneuritis  foWow 8  some  wound  or  injury  or  local  in- 
Baniniation  capable  of  giving  rise  to  blood-poisoning.  In  some  cases 
it  has  been  unaccompanied  by  the  usual  symptoms  of  septic  blood- 
states,  but  has  followed  its  cause  at  an  interval  that  suggests,  taken 
with  other  analogous  facts,  that  it  is  due  to  some  Tims  produced 
probably  by  the  presence  of  septic  organisms  of  a  special  character. 
For  instance,  a  man,  thirteen  days  after  a  stab-wound  beneath  the 
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clavicle,  which  healed  well,  had  an  attack  of  parotitis  with  facial  palsy. 
Ou  the  fortieth  day  there  developed  paralysis  of  tongue,  vocal  cords, 
and  limbs,  and  on  the  sixth  day  after  the  ODset  of  these  symptoms  he 
died  from  respiratory  palsy.  Extensive  peripheral  neuritis  was  the 
only  nerve  lesion.* 

In  a  less  severe  case  recorded  by  Barrsf  the  symptoms  commenced 
three  weeks  after  a  neglected  wound  of  the  hand,  which  produced  in- 
flammation of  the  lymphatics,  extending  up  the  arm  to  the  axilla. 
The  symptoms  of  neuritis  began  in  the  injured  limb,  and  invaded 
successively  the  other  extremities,  causing  characteristic  weakness  in 
the  lower  legs,  with  loss  of  the  knee-jerk.  He  slowly  recovered.  It 
is  possible  that  some  cases  of  this  class  result  from  unsuspected  foci 
of  inflammation  within  the  body,  in  which  pus  becomes  pent  up  and 
causes  the  blood-state. 

In  such  cases  as  those  duo  to  a  possible  internal  source  of  blood- 
poisoning,  multiple  neuritis  develops  as  a  disease  apparently  primary 
without  obvious  cause  if  the  source  of  the  septicaemia  has  been  undis- 
covered. Other  primary  cases  occur,  however,  in  which  there  is  no 
cause  for  septicsemia,  and  the  only  explanation  we  can  give  of  these  is 
that  they  are  prol>ably  due  to  a  virus  received  from  without,  the 
precise  nature  of  which  is  unknown.  I  have  met  with  some  cases  in 
which  the  symptoms  of  multiple  neuritis,  perfectly  characteristic, 
came  on  without  any  discoverable  cause,  and  ran  a  course  in  most 
cases  mild,  and  ending  in  recovery  ;  in  one  or  two  others  severe,  and 
ending  in  death.  Some  cases  of  what  is  popularly  termed  "  blood- 
poisoning  "  are  probably  of  this  nature.  If  certain  drain  poisons, 
probably  organismal,  are  capable  of  giving  rise  to  a  disease,  diphtheria, 
of  which  multiple  neuritis  is  often  part,  there  is  no  improbability  in 
some  forms  of  virus  of  similar  character  and  analogous  source,  having 
such  neuritis  for  their  chief  effect.  In  this  connection  it  is  instructive 
to  note  that  an  epidemic  is  on  record  in  which  [>aralysi8  preceded  the 
thri>at  affection  (see  'Diphtheritic  Paralysis/  vol.  ii).  As  an 
instance  of  this  primary  form  may  be  mentioned  the  case  of  a  medical 
pmctitioner  who  was  attacked  with  obstinate  vomiting  and  diarrhoea 
succeeded  by  constipation,  for  which  no  cause  could  be  discovered, 
quickly  followed  by  "  numbness  "  in  the  hands  and  feet,  and  a  diffi- 
culty in  using  them.  When  I  saw  him,  a  fortnight  later,  there  was 
loss  of  tactile  sensibility,  limited  to  the  palms  and  soles,  weakness  of 
the  legs,  and  no  knee-jerk.  The  weakness  rapidly  increased  and  ex- 
tended, and  at  the  end  of  five  weeks  from  the  onset  he  died.  Such 
a  case  presents  all  the  features  of  the  toxic  form^ 

•  Roth,  'Corr-Bl.  f.  Schw.  Aente,*  1883,  No.  13. 

t  *  Araer.  Journ.  Med.  Science,'  Feb.,  1889. 

X  It  »boald  be  mentioned  that  other  circumstances  excited  a  suspicion  of  inten- 
tional chronic  poiftoning.  Thift  fact  does  not  lessen  the  suggestiveuess  of  the  case. 
Multiple  neuritis  most  henceforth  constitute  an  element  in  many  questious  of  medical 
jari»pnidence.  Its  discovery  might  give  greater  weight  to  indications  of  some  forms 
of  poikoniuvT. 
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The  Rheumatic  form  embraces  all  the  cases  of  polyn»'tiritis  tha(  are 
due  to  exposure  to  cold.  In  the  typical  cases  of  this  clasa  the  pftueral 
distribution  of  the  affection  and  other  features  indicate  that  a  blood- 
state  must  be  the  immediate  mechanism  by  whicb  it  is  produced. 
Wo  know  that  rheumatic  fever,  due  to  a  similar  exposure  to  cold,  must 
depend  on  such  a  morbid  blood-state,  j)roduced  in  some  way  by  the 
disturbing  influence  of  the  chill  on  the  chemical  or  other  processes 
within  the  body.  We  know  also  tliat  the  rheumatic  poison  thus 
generated  must  vary  much  in  its  j»recise  nature  by  the  great  variationi 
in  the  acute  rheumatic  lesions  that  it  causes  (see  *  Chorea,'  vol.  ii).  The 
same  exposure,  in  another  person,  may  give  rise  to  pneumonia.  Hence 
it  is  not  surprising  that  the  effect  of  the  exposure  should,  in  some 
persons,  be  such  as  to  cause  a  blood -state  capable  of  producing 
multiple  neuritis,  symmetriciil  and  parenchymatous,  especially  when 
we  know  that  this  may  actually  be  accompanied  by  acute  pneumonia, 
and  by  other  evidence  of  profound  toxic  state  of  the  blood.  In  a  case 
recorded  by  Putnam,  fatal  in  seven  days  from  paralysis  of  the  respi- 
ratory muscles,  and  distinctly  due  to  cold,  there  was  swelling  of  the 
spleeu  such  as  is  met  with  in  typhoid  and  other  acute  toxaemic  states. 
But  exposure  to  cold  has  also  the  power  of  causing  an  isolated  neuritis 
(e.  g.  of  the  facial  or  the  sciatic  nerve),  a  neuritis  adveDtitial  in  nature, 
essentially  a  ]>erineuritis.  Nor  is  it  surj>rising  that  such  an  adven- 
*  titial  neuritis  should  occasionally  involve  uiore  than  one  nerve — should, 
in  fact,  be  a  polyneuritis.  The  evid«-noe  that  such  polyneuritis  may 
be  produced  by  cold  is  given  in  the  chapter  on  Acute  Atrophic  Para- 
lysis (Polio  myelitis),  with  which  it  nmy  coincide,  as  a  result  of  the 
same  exposure.  The  connective  tissue  of  nerves  is  of  the  same  nature 
as  that  on  which  the  rheumatic  poison  exerts  its  special  influence,  and 
the  modes  of  onset  of  sciatica  have  shown  us  that  the  rheumatic  pro- 
cess may  pass  from  the  fascioe  to  the  nerve-sheaths.  A  consideration 
of  these  and  other  facts  makes  it  probable  thatcoM  may  cause  (1)  an 
isolated  adventitial  neuritis;  (2)  a  multiple  neuritis  of  the  same 
character,  irregular  in  distribution,  probably  by  the  agency  of  a  blood- 
poison  related  to  that  which  causes  muscular  rheumatism  and  the 
affection  of  the  fibrous  tissues  of  the  joints  in  rheumatic  fever;  (8) 
a  symmetrical  parenchymatous  polyneuritis  due  probably  to  a  special 
blood-state  of  greater  specificity  than  that  which  produces  the  adven- 
titifil  form,  and  perhaps  allied  to  that  which  gives  rise  to  pneumonia 
aud  to  cerebro-spinal  meningitis.  Pneumonia,  at  least,  may  be  c*om- 
bint'd  with  multiple  neuritis  as  a  result  of  the  same  exposure. 

Tlie  diibt'tic  form  presents  many  varieties,  and  our  knowledge  of  it 
is  still  imperfect.  It  is  su])i>osed  that  inflammation  of  single  nerves 
frequently  underlies  the  obstinate  forms  of  neuralgia  met  with  in  this 
affectmu ;  but  besides  this  a  symmetrical  multiple  neuritis,  parenchy- 
m  Ltous  in  nature,  is  occasionally  met  with,  and  is  said  to  present  all 
the  varieties  that  are  produced  by  alcohol,  and  of  various  degrees  of 
be  verity.     It  is  not,  however,  related  to  the  amount  of  sugar  in  the 


ETIOLOGY.  1 1 7 

urine — in  manv  of  the  sufferers  this  has  been  small  (in  one,  indeed,  as 
low  as  one  half  per  cent.)  ;  nor  is  it  readily  influenced  by  a  dietetic 
reduction  of  the  amount  of  sugar  in  the  blood.  Hence  it  is  supposed 
to  be  due  to  some  toxic  product  that  is  formed  in  the  perverted  meta- 
bolism  of  the  diabetic,  comparable  to  acetone,  although  certainly  not 
acetone  itself.  The  fact  that  the  reduction  of  the  amount  of  sugar 
formed  has  little  ii)flutnceon  the  condition  suggests  that  the  poison  is 
not  a  product  ot  the  decomposition  of  sugar,  but  rather  a  material 
formed  in  the  place  of  sugar  by  some  modification  of  the  chemical 
pnKM^sses  that  lead  to  the  increased  production  of  the  latter.  This 
form  is  of  special  iuti'rest  on  account  of  the  close  chemical  rela- 
tion l>etween  sugar  and  the  most  potent  cause  of  multiple  neuritis, 
alcohol. 

Alcoholic  polyneuritis  is  the  form  most  frequently  met  with,  at  any 
rate  so  far  as  well-marked  cases  are  concerned ;  this  form  preponderates 
in  most  countries  over  all  others  put  together,  but  at  present  many  of 
the  slighter  sensory  forms  escape  recognition,  and  the  preponderance 
will  probably  be  much  less  when  all  cases  are  recognised.  It  results 
chiefly  from  the  stronger  forms  of  alcoholic  drinks,  and  especially 
from  spirit-driuking.  It  is  more  common  among  those  who  taJ^e 
small  quantities  frequently  than  among  those  who  indulge  in  an 
occasional  '•bout**  of  intemperance,  probably  because  the  total 
quantity  consumed  is  greater  by  the  former.  It  is  far  more  frequent 
among  women  than  among  men — probably  three  times  as  frequent. 
How  far  this  is  due  to  a  special  predisposition  on  the  part  of  women, 
or  to  the  conditions  under  which  it  is  taken,  is  yet  doubtful.  On  the 
one  hand  continuous  drinking  is  more  common  among  women  than 
is  occasional  intoxication;  and  women  who  take  alcohol  to  excess 
jrenerally  do  so  in  the  form  of  spirits,  while  men  often  take  it  in  the 
form  of  beer.  At  the  same  time  the  opposite  proclivity  is  seen  in  the 
case  of  delirium  tremens,  and  it  would  seem  as  if  there  were  a  differ- 
ence in  the  nervous  system  of  the  two  sexes,  whereby  a  susceptibility 
of  the  nerves  of  women  replaces  that  of  the  brain  in  men. 

The  amount  of  alcohol  habitually  taken,  and  the  duration  of  the 
babit  before  the  onset  of  the  affection,  vary  much.  It  has  been  thought 
that  a  neuropathic  disposition  renders  a  less  quantity  and  briefer 
period  adequate.  Other  causes  often  co-operate  with  alcohol  in 
•-xciting  the  disease,  especially  exposure  to  cold,  and,  in  the  lower 
classes,  insufficient  nourishment.  Exposure  is  especially  effective  in 
those  in  whom  slight  symptoms  exist  but  attract  little  attention,  and 
the  condition  of  the  nervous  system  is,  as  it  were,  prepared  for  a 
severe  outbreak. 

Cachectic  and  Senile  Forms. — Regarding  these  little  remains  to  be 
added  to  what  has  been  stated  at  p.  112.  The  evidence  rests  chieflv  on 
the  post-mortem  discovery  of  the  changes  in  the  neiTes,  but  it  is 
probable  that  more  careful  attention  to  the  point  will  show  that  syni- 
I'toms  are  not  unfrcquent  which  now  receive  little  attention,  or  are 
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regarded  as  fuDctional  onlj.  More  attention  is  also  needed  bj  the 
cases  in  which  a  neuropathic  tendency  or  some  depressinff  emotiou 
seems  to  be  the  cause  of  this  disease,  as  thej  may  be  of  the  corre- 
sponding deg^nemtion  of  the  pyramidal  fibres  within  the  cord  in 
**  lateral  scl'^rosis/'  a  d^i^ent'ration  which  also  begins  at  the  extremity 
of  the  fibres  and  extends  upwards. 

AtJieromatous    Neuritis,    already    mentioned  as  a  variety  of   the 
senile  fonn,  merits  separate  recognition  on  account  of  its  peculiar 
mechaniem.     In  these  canes  the  nerves  of  the  limbs  have  been  exteu- 
Mivi-ly  damaged  through  atheroma  (or  ••  arteritis  obliterans  ")  of  their 
arteries.     Necrotic  inflaiiinmtory  processes  take  place  in  the  parts  of 
the  nerves  supplied  by  the  affected  vessels,  and  there  result  symptoms 
that  resemble  those  of  the  toxic  form  in  character,  although  differing 
in  the  greater  irregularity  of  distribution.    The  symmetry  that  consti- 
tutes so  striking  a  feature  of  the  common  cases  is  absent,  but  arterial 
degeneration  may  be  symmetrical,  and  an  incomplete  rough  symmetry 
may  thus  result.     It  is  conjectured  that  such  disease  of  the  nerves  will 
be  found  to  be  frequent  in  the  cases  in   which  senile  disease  of  the 
arteries   gives  rise  to  gangrene,  and  that  it  is  partly  through  the 
agency  of  the  neuritis  that  the  gangrene  is  produced  ;  but  this  view 
overlooks  the  potent  influence  of  the  arterial  obstruction  itself. 

General  ExiOLoaT. — Multiple  neuritis  is  a  disease  of  adult  life. 
The  only  form  met  with  in  children  is  that  which  sometimes  accom- 
panies polio-myelitis,  and  may  perhaps  now  and  then  be  met  with 
apart  from  the  spinal  malady,  as  an  infautile  variety  of  multiple 
adventitial  neuritis,  irregular  in  distribution.  The  other  common 
forms  occur  chiefly  between  twenty  and  fifty ;  the  alcoholic  between 
thirty  and  forty  twice  as  frequently  as  in  either  the  previous  or  later 
decade,  but  it  may  be  met  with  up  to  sixty  years  of  age ;  while  the  rare 
senile  (purely  de<^enerative)  variety,  and  the  still  mure  rare  arteritic 
form  are  met  with  at  still  later  ages.  Females  constitute  a  majority 
of  the  cases,  the  degree  of  which  cannot  yet  be  estimated ;  it  is  due 
solely  to  their  liability  to  alcoholic  neuritis,  in  which  they  amount  to 
at  least  70  per  cent.  The  rheumatic  and  toxeemic  forms,  on  the  other 
hand,  occur  more  frequently  in  miiles,  probably  from  their  greater 
exposure  to  the  causes  of  the  disease. 

More  than  one  cause  may  co-operate  in  producing  the  affection,  and 
then  we  may  distinguish  the  one  as  "  predisposing,"  the  other  as 
"exciting,"  although,  as  a  rule,  either  would  be  adequate  alone  were 
its  degree  more  intense.  The  double  causation  can  most  often  be 
traced  when  cold  or  some  depressing  influence  co-operates  with  alcohol, 
or  when  the  infliience  of  the  latter  is  conjoined  with  that  of  tubercle, 
as  either  the  primary  or  secondary  cause.  Even  more  frequently  the 
symptoms  follow  some  cause  of  constitutional  depression,  inadequate 
alone.  In  one  case  this  was  an  attack  of  acute  gastric  catarrh  with 
vomiting,  the  result  of  the  alcohtdism  which  was  the  real  cause  of  the 
neuritis.     In  other  cases  a  depressing  emotion  has  seemed  to  be  the 
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excitanty  and,  as  we  have  seeo,  this  appears  to  be  sometimes  alone 
sufficient.  In  ooe  alcoholic  case  the  injurious  effect  of  painful  emo- 
tion (due  to  the  death  of  a  son)  was  at  once  to  arrest  improvement, 
and  to  excite  a  progressive  increase  in  the  sjtuptoms,  which  continued 
until  death  a  few  months  hiter.  Ansamia  probably  acts  chiefly  as  a 
predisponent,  lowering  the  nutrition  and  resisting  power  of  all  the 
tissues,  and  rendering  a  slighter  cause  effective.  Thus,  in  the  case  of 
an  anasmic  girl  recorded  bj  Barrs,  the  symptoms  followed  immediately 
on  bathing  the  feet  in  cold  water,  wheu  heated. 

Symptoms. — The  symptoms  produced  by  multiple  neuritis  differ 
widely,  as  has  been  already  intimated,  according  to  the  character  of 
the  affection  of  the  nerves.  They  are  of  three  classes — motor  weak- 
nesSy  sensory  disturbance,  and  inco-ordination.  The  motor  weakness 
depends  on  an  affection  of  the  motor  nerve-fibres,  and  usually 
involves  first  and  chiefly  the  flexors  of  the  ankle  and  extensors  of  the 
toes,  and  the  extensors  of  the  wrist  and  fingers  in  the  forearm, 
muscles  that  are  homologous  and  supplied  by  corresponding  nerves, 
the  anterior  tibial  or  peroneal  nerve  in  the  leg,  the  radial  branch  of 
the  musculo-spiral  in  the  arm.  The  result  is  the  characteristic 
•* wrist-drop"  and  "foot-drop,"  shown  in  Fig.  58.  Other  muscles 
■nffer  in  severe  cases.  The  sensory  symptoms  consist  of  subjective 
•ensations  of  tingling,  &c, ;  pains  of  various  character,  seat,  and 
degree,  often  referred  to  the  nerves  or  deep  parts ;  tenderness 
of  the  skin,  nerve-trunks,  and  muscles,  and  loss  of  cutaneous  sensi- 
bility. The  inco-ordination  resembles  that  present  in  the  slighter 
deg^rees  of  locomotor  ataxy,  and  is  often  associated  with  loss  of  the 
muscular  sense.  These  symptoms  will  be  considered  in  detail.  Ac- 
eording  to  the  predominance  of  one  or  another  of  the  three  sets, 
oorres|*onding  varieties  are  distinguished, — (1)  a  motor  form,  in 
which  there  is  loss  of  power  with  or  without  the  other  symptoms ; 
(2)  a  Bensory  form,  in  which  there  is  no  marked  muscular  weakness 
or  inco-ordination,  but  in  which  sensory  disturbance — irritation  or 
loss — is  the  chief  symptom ;  (3)  an  ataxic  form,  in  which,  without 
marked  loss  of  power,  with  or  without  sensory  symptoms,  inco- 
ordination is  the  dominant  symptom. 

As  mentioned  in  the  introductory  section,  the  varieties  of  poly- 
neuritis  that  are  due  to  special  metiillic  poisons  and  to  cei*tain  acute 
specific  diseases  are  described  separately,  in  the  second  volume  of  this 
work,  among  the  general  diseases  of  the  nervous  system.  The 
common  alcoholic  form  is  alone  suitable  to  convey  a  knowledge  of  the 
general  features  of  the  affection,  but  the  account  of  its  symptoms 
must  be  completed  by  some  mention  of  those  of  the  less  common 
forms,  which  do  not  need  separate  description  elsewhere. 

It  should  be  clearly  understood  at  the  outset  that  no  set  of  sym- 
ptoms is  exclusively  related  to  a  single  cause.  The  various  forms 
which  depend  on  the  incidence  of  the  disease  on  the  motor  or  the 
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•cnHorjr  nerves  in  preponderant  degree,  are  met  with  in  consequence 
of  each  of  the  coiuiiiou  causes,  although,  as  we  shall  see,  some  causes 
give  rise  more  frequently  to  one  form  than  to  another. 

The  onset  and  course  of  multiple  neuritis  yarj  much  in  different 
cases,  both  of  the  same  class  and  of  tne  several  classes.     Premonitory 


Fio.  58.—  Multiple  nlcoliolic  nenritit ;  pnUy  of  exteni<irt  of  wri«t  und  flezon 
of  ankli*.     (From  a  photogmph  by  Mr.  Hyde  Marriott,  B.Sc.j 

symptoms  occur  in  some  cases.  They  have  been  observed  chiefly  in 
the  alcoholic  form,  but  occur  in  others  also.  When  due  to  cold  or 
other  causes  of  constitutional  disturbance,  the  special  symptoms  of 
the  general  state  may  immediately  precede  the  onset.  Thus,  after 
exposure  to  cold,  general  rheumatic  symptoms,  with  fever,  bron- 
chitis, and  other  signs  of  catarrh,  may  immediately  be  followed  by 
the  symptoms  of  neuritis.  The  svmptoms  that  have  been  regarded  as 
premonitory  are  especially  '*  numbness  "  and  tingling  of  the  fingers 
and  toes,  or  of  the  palms  and  soles,  or  the  lower  part-s  of  the  limbs, 
vaso-motor  disturbance  in  the  extremities  (as  pallor  of  the  fingers), 
and  painful  cramp  in  the  calves  or  elsewhere,  together  with  dull 
rheumatoid  ])ains.  These  constitute  the  first  symptoms  of  the  disease, 
but  when  they  exist  alone  for  months  before  the  onset,  they  may 
be  regarded  as  "  premonitory."  All  these  symptoms  are  probably 
due  to  the  influence  of  alcohol  on  the  nerves,  disturbing  the  function 
of  the  structures  whose  nutrition  undergoes  subsequently  a  correspond- 
ing impairment. 

The  onset  itself  may  be  acute  or  subchronic,  and  is  sometimes  so  slow 
as  to  deserve  the  name  of  chronic,  especially  in  the  slighter  sensory 
form.  An  acute  onset  is  on  the  whole  rare  in  alcoholic  cases  unless 
the  malady  is  "excited"  by  some  coo  perant  influence.  Thus,  in  one 
alcoholic,  a  prostrating  attack  of  vomiting,  lasting  for  ten  days,  was 
followed  by  an  onset  of  the  symptoms  of  neuritis  so  acute  that  at  the 
<'nd  of  a  week  the  patient  was  unable  to  stand,  and  there  was  general 
impairment  of  sensibility.  It  is  met  with  chiefly  in  cases  due  to 
cold  or  toxfemic  states ;  in  these  it  may  be  attended  by  severe  con- 
stitutional disUirbance,  rigors,  and  considt^rable  pyrexia.     In  other 
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forms  the  elevation  of  temperature  is  usuallj  slight  or  moderate,  but 
eometiines  amounts  to  3°  or  4^,  and  maj  last  from  one  to  three  or 
four  weeks.  The  first  definite  sjmptom  (if  it  has  uot  existed  before)  is 
often  the  tingling,  or  '*  pins  and  needles  "  in  the  extremities,  already 
mentioned,  with  vague  **  rheumatic  "  paius,  which  become  more  acute. 
Motor  sjmptoms  are  usually  soon  added,  palsj  or  inco-ordination, 
or  both.  Thej  are  seldom  absent  in  acute  cases.  The  pronounced 
symptoms  of  the  disease  may  resemble  in  character  those  pn»duced 
by  the  inflammation  of  single  nerves,  differing  only  in  distribution, 
and  involving  all  the  functions  of  the  affected  nerves;  this  is  often 
the  case  when  the  malady  is  acute  in  unset.  But  when  chronic, 
as  already  stated,  the  fibres  may  be  affected  according  to  their 
specific  function,  and  to  this  the  symptoms  are  then  limited,  so  that 
they  resemble  those  that  are  ascribed  to  a  disturbance  of  special 
elements  of  the  spinal  cord,  rather  than  the  affection  of  isolated  nerves. 
The  motor  form  involves  either  the  upper  or  lower  limbs  or  both, 
but  always  the  corresponding  limbs  on  both  sides,  and  their  distal 
extremities,  the  hands  or  the  feet,  first  and  chiefly.*  Whichever  limbs, 
arms  or  legs,  present  the  first  symptoms,  suffer  in  greater  degree 
throughout,  and  it  may  be  alone.  The  feet  suffer  more  frequently 
than  the  hands;  motor  symptoms  may  exist  in  the  legs,  and  only 
sensory  symptoms  in  the  hands,  and  this  when  the  weakness  in  the 
legs  is  extreme.  In  whatever  part  the  affection  occurs  various  sen- 
sory disturbances,  and  especially  pains,  commonly  precede  the  weak- 
ness, and  increase  with  it.  They  are  accompanied  by  tenderness 
generally  along  the  nerve-trunks,  but  almost  invariably  in  the  mus- 
cles, lind  sometimes  of  the  skin.  These  pains  may  occur  in  the 
limbs  that  do  not  become  piralysed  if  the  action  of  the  cause 
can  be  arrested.  Although  loss  of  power  is  the  obtrusive  feature, 
some  loss  of  co-ordination  generally  accompanies  it,  and  is  often 
the  means  by  which  the  attention  of  the  patient  is  first  directed 
to  the  commencing  disability.  He  finds  a  difficulty  in  balance  when 
standing,  or  in  performing  the  finer  movements  with  Lis  fingers;  and  his 
attention  being  thus  drawn  to  the  part,  he  finds,  on  further  investiga- 
tion, that  there  is  some  actual  defect  in  the  power  of  extending  the 
wrist  and  fingers,  or  in  raising  the  toes  or  foot  from  the  ground  during 
the  forward  movement  of  the  foot  in  walking.  Tremor  is  often  con- 
spicuous in  alcoholic  cases  long  before  the  loss  of  power.  When- 
ever there  is  weakness  in  the  leg  the  knee-jerk  can  no  longer  be 
obtained,  probably  because  the  afferent  muscle-nerves  suffer  more 
widely  tban  the  motor  nerves.  The  constancy  of  this  loss  is  very 
great,  and  it  is  not  related  to  any  one  class  of  symptoms,  but  occurs 
equally  in  the  paralytic  and  ataxic  forms  of  neuritis.  At  the  same 
time  it  is  not  absolute ;  the  knee-jerk  seems  to  persist  in  very  rare 
cases  of  slight  degree,  as  mentioned  on  p.  126. 

*  1  he  very  variooi  sjFiuptomt  of  the  diseftse  are  well  illastrated  by  an  instmctiTc 
•eries  of  caaea  publUI  ed  bv  Dr.  Buzzard, '  Paralyaia  from  Peripheral  Neuritis,'  1886. 
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When  the  first  symptoms  are  in  the  legs  tlie  first  motor  loss  is 
the  inability  to  raise  the  toes  from  the  ground  in  walking,  owing  to 
impei-fect  flexion  of  the  ankle-joint  and  extension  of  the  toes.  Bat 
this  symptom  may  be  to  a  large  extent  obscured  by  the  interference 
with  movement  occasioned  by  the  tenderness  of  the  muscles  and  the 
hyperaesthesia  of  the  skin,  which  commonly  coexist  and  prevent  the 
exertion  of  the  amount  of  power  that  is  possessed.  There  is  a 
tendency  for  the  nerves  of  the  sole  and  the  palm  of  the  hand  to  be 
especially  involved  in  the  hyperssstbesia — in  obedience  to  a  law  of 
pathological  susceptibility  which  is  to  be  traced  not  unfrequeutly  in 
polyneuritis,  especially  in  the  tabetic,  diphtheritic,  and  toxsemio 
forms. 

These  effects  of  the  sensory  irritation  may  render  it  difficult  to  deter- 
mine the  common  course  of  the  motor  weakness,  the  order  in  which  the 
muscles  suffer,  and  the  relative  degree  of  their  impairment  at  different 
periods.  The  conspicuous  fact  is  that  the  muscles  first  to  suffer  are 
those  supplied  from  the  external  popliteal  nerve  (anterior  tibial  group), 
and  these  are  followed  by  other  muscles  below  the  knee,  except 
in  the  very  rare  instances  in  which  palsy  does  not  spread  beyond  the 
muscles  first  affected.  The  muscles  above  t  he  knee  suffer  later  and  less, 
and  more  frequently  escape  considerable  impairment.  The  flexors  of  the 
knee,  although  supplied  by  the  sciatic  nerve,  do  not  suffer  more  than  the 
extensors,  or  more  f  requen  tly,  so  far  as  the  tenderness  permits  us  to  judge. 
Least  frequently  and  in  least  degree  the  muscles  suffer  that  move  the 
hip-joint;  it  is  only  in  the  most  severe  cases  that  these  are  appreciably 
affected.  Very  rarely  is  the  innervation  of  the  bladder  or  rectum 
involved  in  the  disturbance  of  polyneuritis.  Interference  with  these 
functions  may  generally  be  regarded  as  evidence  that  the  morbid 
changes  are  not  limited  to  the  nerves,  but  involve  the  spinal  oord 
itself. 

In  the  arms,  the  first  and  chief  defect  in  power  is  in  the  extensors 
of  the  wrist  and  fingers.  I^oth  arms  are  affected  together  or  in  quick 
succession — one  never  suffers  alone  in  considerable  degree.  Thus 
the  palsy  resembles  at  first,  and  sometimes  throughout,  that  which  is 
familiar  as  the  effect  of  lead  poisoning.  The  resemblance  may  extend 
to  the  escape  of  the  extensor  of  the  metacarpal  bone  of  the  thumb, 
and  of  the  supinator  longus.  Lead  palsy,  indeed,  is  an  example  of 
peripheral  neuritis  of  the  '*  toxic  form,"  and  differs  from  the  general 
form  in  the  limitation  of  even  severe  palsy.  It  seems  that  the  radial 
nerve  (of  the  musculo-spiral)  is  that  which,  in  the  upper  limbs,  is 
the  most  prone  to  suffer — a  fact  which  is  at  present  unexplained.  It 
probably  depends  not  on  any  peculiarity  of  position,  but  on  some 
deeper  functional  relation  and  position  among  the  nerves  of  the  body, 
since  it  obtains  when  the  affection  is  of  the  peripheral  extremities  of 
the  fibres  and  does  not  involve  all  the  fibres  of  the  nerve.  The  radial 
nerve  is  hoinolo^^ous  with  that  in  the  leg  of  which  the  fibres  are  the 
first  to  suffer — the  peroneal, — regaiding  which  the  Siime  facts  are  true. 
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It  is  only  in  the  cases  due  to  metallic  poisons  that  tLe  palsj  becomes 
considerable  without  spreading  to  other  muscles.  General Ij  the  flexors 
of  the  wrist  and  fingers  become  weak,  and  so  do  the  interossei,  while 
tbe  last  to  suffer  are  tbe  thenar  and  hjpothenar  muscles.  It  is  rare 
for  tbe  palsj  of  any  muscles  except  the  extensors  to  be  complete.  In 
more  severe  degi*ee  the  muscles  above  the  elbow  suffer,  last  and  least 
those  of  the  shoulder.  The  muscles  below  the  elbow  maj  be  almost 
powerless  when  those  above  it  are  scarcely  affected. 

In  severe  cases  the  trunk  muscles  are  involved — the  diaphragm, 
and  the  muscles  of  the  thorax  and  abdomen.  Less  rarely,  but  also 
oqIj  in  severe  forms,  increased  frequency  of  the  pulse  and  palsy  of 
the  vocal  cords  indicate  that  the  fibres  of  the  vagus  are  suffering. 
Very  seldom  the  facial  muscles,  or  those  of  the  tongue,  are  in- 
Tolved.  Affection  of  tbe  motor  ocular  nerves,  of  the  pupils,  and 
nystagmus,  have  been  met  with  only  in  the  most  severe  cases,  and 
chiefly  in  those  due  to  toxaemia.  The  nerves  of  the  pharynx  and 
alimentary  viscera  seem  always  to  escape.  It  is  more  doubtful 
whether  this  is  true  of  the  branches  of  the  lung. 

Thus  the  stress  of  tbe  affection  fulls  on  the  muscles  of  tbe  extremities, 
and  those  that  are  affected  first  also  suffer  alone  in  slight  cases,  and 
most  in  those  that  are  severe.  As  they  become  weak,  and  sometimes 
even  earlier,  they  become  tender,  and  this  muscular  tenderness  usually 
increases  to  an  extreme  degree,  and  becomes  even  more  obtrusive,  in 
rnanv  cases,  than  the  tenderness  of  the  nerves.  The  limb  cannot 
be  grasped,  even  gently,  without  cries  of  pain  being  elicited,  and 
every  change  of  posture  gives  rise  to  distress.  This  is  an  important 
sign,  and  is  no  doubt  due  to  the  fact  that  all  the  nerves  of  the  muscle 
suffer,  the  afferent  as  well  as  the  mutor  twigs.  Very  rarely  it  is 
ubsent.  It  increases  the  pain  of  an  electrical  examination,  and,  after 
a  strong  current  has  been  applied,  the  muscles  may  ache  for  hours— 
a  fact  that  should  iuculcate  scrupulous  consideration  in  all  such 
pro<'edures. 

Tbe  affected  muscles  quickly  become  flabby  and  waste,  and  their 
prominences  disappear.  The  muscular  atrophy  becomes  extreme  in 
some  instances,  but  the  aspect  of  the  limbs  differs  from  that  in  pro« 
gressive  muscular  atrophy  on  account  of  tbe  partial  distribution  of  the 
affection,  and  because  it  is  only  in  a  few  muscles,  such  as  the  extensors 
of  the  fingers  and  the  interossei,  that  the  wasting  is  as  great  as  in 
that  affection.  Changes  in  the  electrical  excitability  of  the  muscles 
concur  with  these  symptoms ;  they  present  the  reaction  charac- 
teristic of  nerve  lesions,  described  at  p.  54.  The  farad ic  irritability  is 
lost,  and  that  to  voltaism  is  increased  in  amount,  and  often  but  not 
always  altered  in  quality,  in  the  usual  manner.  In  slight  cases, 
however,  increase  in  voltaic  irritability  may  be  trifling,  and  may  be  the 
chief  change.  In  the  nerves  the  irritability  to  both  currents  lessens 
and  is  ultimately  lost.  If  a  case  is  examined  in  the  very  early  stage, 
the  increased  irritability  uieutioued  at  p.  58  may  be  found,  and  after- 
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wards  replaced  bj  diminution  and  loss.  In  the  most  severe  casefl  tbe 
muscles  most  affected  may  quickly  lose  all  irritabilitj,  on  account  of 
the  intensity  of  tbe  secondary  changes  in  the  muscular  tissue,  wbieb 
destroy  instead  of  merely  changing  their  s|)ecial  structure  and 
charact,eri8tic  functions.  Occasionally  tbe  wasting  is  concealed  by 
oodema,  but  now  and  then  (as  I  have  seen)  the  size  of  the  muscles 
may  be  little  reduced  even  when  they  are  totally  paralysed,  with 
extinction  of  faradic  and  great  reduction  of  voltaic  irritability.  But 
the  wasting  is  only  deferred,  and  extreme  atrophy  ultimately  occurs. 
In  such  cases  there  is  probably  a  rapid  fatty  degeneration  of  the 
muscles,  and  the  fat  accumulates  between  the  fibres  so  as  to  main- 
tain, for  a  time,  the  bulk  of  the  muscle.  An  extremely  rare  alteration 
U  the  preservation  of  some  voltaic  irritability  in  the  nerves  as  well 
as  in  the  muscles,  faradic  irritability  being  lost  in  both. 

As  in  other  cases  of  unequal  palsy,  the  less  affected  muscles  of  the 
limbs  are  apt  to  undergo  contracture  and  shoi-tening,  especially  when 
the  palsy  causes  the  part  to  assume  habitually  a  certain  iK>sitioii 
under  the  influence  of  gravitation,  or  a  certain  posture  is  adopted 
by  the  patient  in  order  to  lessen  pain.  These  contractures  occur 
chiefliy  in  the  lower  limbs.  The  foot-drop  shown  in  Fig.  58  is  especially 
frequent,  from  the  palsy  of  the  flexors  permitting  the  foot  to  fall  as 
the  patient  lies  in  bed,  under  the  influence  of  gravitation  and  of  the 
unopposed  extensors.  The  effect  of  posture  is  seen  in  the  contraction 
of  the  flexors  of  the  knee,  which  may  be  fixed  at  a  right  angle,  and  to 
a  less  degree  of  those  of  the  hip,  on  account  of  habitual  flexion  of 
these  joints  to  escape  the  pain  occasioned  when  the  parts  are  Dut  on 
the  stretch  in  the  extension  of  the  limb. 

The  affection  of  the  sensory  nerves  of  the  skin  is  sometimes  absent, 
more  often  it  is  conjoined  with  that  of  the  motor  nerves,  and  some- 
times only  with  that  of  the  sensory  muscle-nerves.  It  very  seldom 
exists  alone.  Its  first  manifestation  is  the  tingling  and  other  sub- 
jective  sensations  already  mentioned,  to  which  is  soon  added  the 
hy[)er8B8thesia  which  is  often  so  troublesome  throughout  the  disease. 
Sensory  disturbance  is  usually  more  extensive  than  the  motor  palsy, 
but  is  greatest  at  the  most  affected  parts,  the  extremities  of  the  Hmbs. 
Except  in  slight  cases,  the  damage  to  the  sensory  fibres  l>ecoroes  suffi* 
cient  to  le>se  i  the  sensibility  of  the  skin  to  touch.  A  faint  touch 
mav  be  uufelt  while  over-sensitiveness  to  pain  continues,  and  is  even 
so  intense  that  a  strong  touch  may  cause  distress.  Barely,  as  I  have 
twice  st^n,  sensibility  to  pain  is  lost,  that  to  touch  being  preserved. 
The  tem{>eniture  sense  is  usually  normal.  These  sensory  changes  are 
first  developed  on  the  extremities,  sometimes  on  the  palms  and  soles,' 
they  may  even  be  still  more  local,  and  only  considerable  ou  the  tips 
of  the  fingers,  or  the  hy}>er8esthe8i&  may  be  chiefly  under  the  nails. 
Spontaneous  pains  accomj^any  the  hypersesthesia,  dull,  or  acute,  or 
•'  burning  "  in  character,  referred  to  tbe  deeper  parts  of  the  limb,  or 
the  uerve-truuks,  or  the  joints,  and  increased  or  excited  by  auj 
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attempt  at  movement.  The  pain  referred  to  the  joints  may  he  really 
in  them,  especially  in  the  gouty,  or  it  may  be  in  the  nei^es  that  puss 
by  the  joints  and  are  disturbed  mechanically  by  their  movement. 
The  sensory  change  increases  in  area  as  the  disease  develops,  and 
usually  extends  first  up  the  outer  side  of  tbe  leg  and  the  radial  side 
of  the  forearm.  Although  sensibility  to  pain  is  seldom  lost,  the 
conduction  of  pain  is  delayed  in  some  cases. 

In  the  ataxic  form,  inco-ordi nation  is  the  chief  symptom,  and  it 
may  accompany  the  onset  of  muscular  weakness  in  the  motor  form. 
It  is  usually  accompanied  by  muscular  tenderness,  and  exists  with  or 
without  tbe  affection  of  cutaneous  sensibility  just  described.  It  pro- 
bably depends  on  cbanges  in  the  afferent  muscle-nerves,  the  impres- 
sions from  wbich  are  cbiefly  concerned  in  tbe  process  of  co-ordination 
(see  Spinal  Cord,  Functions).  The  implication  of  these  nerves  is 
shown  by  the  muscular  tenderness  that  is  so  marked  a  feature.  The 
inco-ordi  nation  in  these  cases  resembles  closely  tbat  wbich  exists  in 
tabes,  and  tbe  knee-jerk  is  lost  as  in  that  disease,  while  the  frequent 
occurrence  of  pains  in  the  limbs  increases  the  resemblance.  Hence 
the  form  in  which  this  symptom  is  predominant  has  been  called  pseudo^ 
iahet,  often  with  the  prefix  alcoholic,  from  the  fact  that  this  is  its  most 
frequent  cause.  It  has,  however,  also  been  met  with  from  arsenical 
poisoning.  The  ataxy  may  involve  the  arms  or  the  legs,  but  is  most 
frequent  in  the  latter.  It  never  reaches  the  degree  met  with  in  advanced 
tabes,  probably  because  very  extensive  and  intense  damage  to  the 
muscle-nerves  only  occurs  when  the  toxic  cause  is  intense ;  its  effect 
then  is  not  limited  to  a  single  set  of  nerves,  but,  involving  the  motor 
also,  produces  a  loss  of  power,  before  which  tbe  inco-ordination 
ceases  to  be  prominent,  if  it  does  not  of  necessity  disappear.  The 
general  law  that  limitation  needs  chronicity  of  course  and  moderation 
of  degree  holds  good  in  these  cases  on  the  sensory  as  .well  as  on  tbe 
motor  side.  When  the  inco-ordination  is  the  prominent  symptom  the 
disturbance  of  sensory  nerves  is  slight,  and  if  there  is  extreme 
hyperesthesia  and  much  loss  of  sensation  there  is  usually  also  motor 
palsy ;  and  thus  this  ataxic  form  is  not  commonly  accompanied  by  the 
intense  sensory  disturbance  of  the  complete  and  characteristic  cases. 
Sensory  loss,  cbiefly  to  touch,  is,  however,  occasionally  met  with  in 
chronic  cases  of  tbe  ataxic  type.  Tbe  resemblance  to  tabes  is  then 
still  greater.  The  distinction  is  considered  in  the  section  on  **  Diar 
gnosis." 

Tenderness  of  the  nerve-trunks  in  tbe  region  of  whose  supply  the 
symptoms  are  greatest  is  a  very  common  symptom,  although  not 
always  readily  recognised,  because  they  are  only  more  tender  than  the 
adjacent  structures,  and  the  degree  of  difference  may  seem  not  great 
when  all  the  parts  are  extremely  sensitive.  It  is  less  frequently  a 
marked  symptom  than  the  tenderness  of  the  muscles,  and  must 
depend  (since  the  pain  is  felt  at  the  spot)  on  the  involvement  of  tbe 
nerves  of  the  sheath.     It  is  only  in  very  rare  cases,  cbiefly  of  irre- 
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cnlar  adYenttiial  Dcuntia,  that  aoj  swelliog  of  accessible  nervef  can 
be  dUtiDgnuhed. 

Reflex  action  from  the  fkin  varief  much  in  its  condition.  In  cases 
with  hTponesthesia  it  is  often  increased,  even  when  there  is  considerable 
motor  palsj ;  the  muscles  that  escape  caase  the  niovemeut,  and  the 
impression  that  reaches  the  reflex  centre  is  doubtless  increased  in 
de^^ee  just  as  is  that  part  of  it  which  reaches  the  brain  and  is  felt 
as  \u(rTesk»(^fl  sensation.  But  in  severe  cases,  with  extensive  loss  of 
j»ower  and  sensation,  the  skin-reflex  maj  be  lost.  The  loss  maj  he 
observe^l  to  coincide  with  an  increase  in  the  other  symptoms,  and 
generally  to  Ije  related  to  loss  of  sensibility  to  touch  with  extensive 
motor  ]nilnj ;  it  may,  however,  be  lost  when  sensation  is  perfect.  Occa- 
sionally it  is  lost  out  of  proportion  to  the  other  symptoms,  motor 
or  sensory.  The  muscle-reflex  action  (myotatic  irritability),  as  we 
have  already  seen,  is  almost  invariably  lost.  Although  the  knee-jerk 
has  been  observed  to  persist  in  rare  cases  (Dejerine),  its  persistence 
is  quite  excef>tional,  and  probably  depends  on  the  escape  of  at  least 
some  of  the  fibres  on  whicb  the  action  depends.  Possibly,  however, 
the  knee-jerk  is  sometimes  excessive  in  the  early  stages  of  the  disease 
in  consequence  of  an  irritable  state  of  the  nerves  on  which  it  depends, 
similar  to  tbat  which  gives  rise  to  the  hvpersBsthesia.  I  have  more 
than  once  found  it  increased  in  cases  of  slight  sensory  neuritis  (s.  g. 
with  symmetri(!al  tingling  and  slight  anaesthesia  on  the  soles),  and  in 
one  Bucb  case  it  disappeared  as  the  disease  progressed.  On  the  other 
band,  it  is  ofti^n  lost  when  there  is  scarcely  auy  appreciable  weakness 
of  the  extensors,  altbou;;!)  usually  some  tenderness  of  these  muscles 
su^^ests  an  a£fectiou  of  the  afferent  path. 

Trophic  changes  occur  in  prolonged  cases — in  the  nails,  skin,  and 
hairs,  and  are  similar  to  those  of  ordinary  neuritis;  glossy  skin, 
arthritic  adhesions,  and  thickening  being  the  most  common.  Bedsores 
are  not  common — a  fact  well  established,  but  not  altogether  easy  to 
explain.  Tbo  vaso-motor  nerves  may  present  disturbance  of  function, 
and  some  oedc^ma  of  the  limbs  is  common,  especially  in  cases  that  are 
due  to  alcohol :  the  blood-state  or  impaired  function  of  the  kidneys 
probably  aids  in  its  production.  It  occurs  about  the  ankles,  back  of 
tiie  foot,  and  very  frequfntly  al>out  the  wrist  and  back  of  the  hand. 
In  one  very  severe  and  fatal  alcoholic  case  the  legs  and  back  were 
the  Koat  of  a  peculiar  brawny  oedema,  pitting  very  slowly,  and 
attended  with  lividity  of  the  skin  in  the  depending  parts,  which 
became  brighter  in  colour  on  pressure.  In  this  case  endocarditis 
<levc1oped  during  the  course  of  the  malady.  In  one  recorded  case 
a3dema  was  present  only  over  the  nerve-trunks  in  the  neighbourhood 
of  joints — a  place  in  which  the  movement  of  the  limbs  especially 
disturbs  the  sheath-nerves  of  the  trunks,  to  which  the  vaso-motor 
nerves  of  the  part  are  probably  related.  Indeed,  it  is  common  for 
(VMlcnia  to  be  prosont  about  the  joints  when  it  is  not  elsewhere,  and 
this   inav   \\o   the  explanation.      Pain  in  the  joints  and  even  some 
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effosion  into  them  have  been  observed,  especiallj  in  association  with 
an  acute  onset,  but  it  is  perhaps  more  often  goutj*  than  rbeumatic 
in  alcoholic  cases,  and  its  significance  as  to  the  "rheumatic"  nature 
of  the  neuritis  must  be  looked  on  with  some  suspicion.  It  may 
be  occasionallj  a  result  of  the  disease  of  the  nerves,  since  chronic 
changes  in  the  joints  often  take  place  just  as  they  do,  in  the  inflam- 
mation of  single  nerves.  It  is  especiallv  common  in  the  finger- joints 
and  in  the  wrist,  but  it  occurs  also  in  the  shoulder  and  knee,  less 
frequently  in  the  elbow  and  other  joints  of  the  legs.  There  is  pain 
on  movement  and  thickening  about  the  joint,  with  ultimate  limitation 
of  movement.  It  is  a  troublesome  effect  of  the  disease,  because  it 
interferes  with  movement  when  power  returns.  There  is  much  more 
tendency  to  it  in  some  cases  than  in  others,  and  it  may  be  so  extensive 
as  permanently  to  cripple  the  sufferer.f  The  adhesions  commonly 
re-form  after  they  have  been  forcibly  broken  down. 

The  symptoms  are  wide-spread  in  proportion  to  the  acuteness  and 
intensity  of  the  malady,  but  differ  in  these  respects  also  accord- 
ing to  its  cause.  The  effect  of  metallic  poisons  is  usually  limited  and 
confined  to  the  arms,  as  in  lead  palsy.  In  alcoholism  all  the  limbs 
are  often  affected,  but  the  arms  escape  more  often  than  the  legs. 
From  malaria  the  legs  usually  suffer  alone ;  such  cases  are  considered 
at  p.  151.  In  cases  with  com|)lex  causation  a  general  parenchymatous 
neuritis  may  be  accompanied  by  a  preponderant  adventitial  inflam- 
mation of  some  one  nerve,  as  the  facial  or  sciatic.  The  cases  with 
most  widely  distributed  symptoms  are  those  that  result  from  obscure 
toxeemic  states,  from  cold,  and  from  alcoholism.  It  is  in  these,  and 
esf>ecially  in  the  first,  that  the  nerves  of  the  heart,  larynx,  and  of  the 
muscles  of  respiration  most  frequently  suffer.  When  the  laryngeal 
nerves  suffer  it  is  usual  for  both  adduction  and  abduction  of  the 
vocal  cords  to  be  weakened,  seldom  one  movement  only.  The  optic 
nerves  have  l>een  affected  only  in  rare  cases  with  considerable  blood- 
change.  In  the  case  mentioned  on  p.  126  (in  which  there  was  brawny 
Gpdema  and  endocarditis)  there  was  slight  optic  neuritis  and  a  diffuse 
oedematous  retinitis.^  The  face  has  also  been  affected  on  both  sides 
in  some  of  the  cases  due  tx)  exposure  to  cold,  and  also,  usually  in 
slight  degree,  in  some  toxsemic  cases;  it  seems  always  to  es.ipe  in 
cases  due  simply  to  alcohol.  The  sphincters  almost  always  escape ; 
a  slight  impairment  of  function  has  indeed  been  met  with  in  a  few 
very  severe  cases  of  probably  pure  polyneuritis,  but  their  affection, 
tts  already  stated,  usually  indicates  an  implication  of  the  spinal  cord. 

The  Course  of  the  affection  is  determined  by  the  same  conditions 
as  influence  its  '  intensity,  and  by  the  extent  to  which  the  cause 
is  under  control.      The  more  severe  and  acute  the  symptoms,  the 

*  Acute  gout,  it  must  be  remembered,  sometimes  attacks  the  larger  joints  with 
or  before  the  smaller  ones,  and  may  closely  resemble  an  attack  of  rbeumutic  fever, 
t  As  in  a  case  recorded  by  Taylor,  *  Guy's  Heap.  Rep.,'  1888. 
X  The  changes  are  described  by  Edmunds  and  Lawford,  *  Trans.  Opb.  Soc./  ix,  137. 


\23  MULTIPLE   NKURITIS. 

vriilor  18  tboir  range  and  tbe  longer  is  their  duration.  Very  com- 
monly  the  symptoms  increase  during  three  to  six  weeks,  then  become 
stationary  (if  the  cause  is  stopped),  and  after  one  or  two  months 
slowly  improve.  The  first  sign  of  improvement  is  a  diminution  in 
the  })aiii  and  hyi>er8e8thesia,  but  the  tenderness  of  the  muscles  and 
the  nerve-pains  on  movement  often  continue  long  after  the  spon« 
tiuioous  pains  have  ceased.  If  tingling,  &c.,  ceased  as  the  disease 
advanced  t  heir  return  may  herald  improvement.  Power  slowly  returns, 
iirnt  in  tbo  muHcles  affected  last  and  least,  and  afterwards  in  those 
paralysed  and  wasted  in  greater  degree.  In  these  tbe  weakness  last^ 
for  many  montlis,  and  shortening  of  the  opponents  of  the  most 
affeetod  muscles  is  apt  to  occur.  The  contracture  of  the  calf  muscles, 
second.iry  to  palsy  of  the  flexors  of  the  ankle,  constitutes  a  grave 
hindrance  to  the  use  of  tbe  bg^  in  standing  and  walking.  The 
patient  cannot  get  the  sole  and  heel  on  the  ground  so  as  to  afford 
a  uniform  base  of  support,  and  keep  his  body  upright  so  as  to  balance 
it.  But  this  contracture  invariably  yields  to  persistent  eflforts  to 
walk.  The  palsy  of  the  arms  lasts  longer  than  that  of  the  legs,  or 
vice  veradf  a<:cording  as  tlie  one  or  other  suffers  most.  Tbe  excess  of 
impairment  of  tbe  muscles  most  affected  is  often  very  conspicuous 
during  recovery.  Improvement  goes  on  for  a  long  time,  generally 
until  recovery  is  perfect,  but  very  rarely  there  is  some  permanent 
loss  of  pow(*r.  It  is  remarkable,  however,  how  almost  complete  a 
recovery  may  take  plac^*,  even  after  the  paralysis  has  been  consider- 
able for  a  year.  Tbe  wasting  lessens  and  power  returns;  latest  where 
there  is  most  loss  of  irritabi.ity,  and  usually  later  in  tbe  small  muscles 
of  tbe  hand  than  in  the  muscles  of  the  forearm.  Selapses  are  apt  to 
oc<!ur,  but  only  when  the  cause  of  the  neuritis  is  still  in  operation  in 
some  degree,  or  when  tbe  patient  is  again  exposed  to  it  or  to  some 
adjuvant  cauHe,  such  as  cold. 

But  the  malady  sometimes  runs  a  very  acute  coune,  especially  in 
the  cises  due  to  toxiemia  or  to  cold,  so  that  all  parts  of  the  limbs 
have  become  weak  and  tbe  extremities  powerless  by  the  end  of  seren 
or  ten  days,  and  the  involvement  of  the  nerves  of  the  respiratory 
muscles  may  bring  life  to  an  end  within  a  fortnight,  eometimes 
even  within  a  week.  In  this  form  there  may  be  severe  initial  pain, 
not  siM'cially  related  to  the  regions  afterwards  affected.  In  one  cue 
it  was  severe  in  the  back,  in  another  across  the  abdomen.  It  is 
prol»ably  a  direct  effect  of  tbe  blood-state,  distinct  from  iu  influence 
on  the  I  eriphtral  nerves.  Such  cases  bear  considerable  resemblanee  to 
tiiose  uf  *  acute  asoendmg  paralysis  "  in  their  course— -differing',  how- 
ever, iu  the  f.ict  that  tbe  ascension  is  up  the  limbs  rath^  than  nptbe 
general  fnime.  Sometimes,  on  the  other  band,  the  diseaee  present!  a 
coii*^*'  tar  more  chronio  th.in  that  described  above, and occnpiea uay 
nioiiths  in  its  devt^lopment  and  progress.  This  is  often  tlie 
with  t  he  liii  ited  aavholic  forms,  especially  the  ataxic  Tarielj,' 
tiibe^."  auvl  wi;h  ca»es  in  which  the  toxic  agent  is  absorbed  fnm  with- 
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out  rerj  tlowlj  and  its  effect  accumulates  gradually,  as  in  some  cases 
of  chronic  arsenical  poisoning.  Slight  cases,  again,  treated  promptly 
hare  been  known  to  recover  in  a  month. 

The  temperature,  usually  raised  in  an  acute  onset  (see  p.  120),  may 
be  normal  in  chronic  cases,  with  or  without  an  occasional  rise,  or  may 
be  slightly  raised  during  the  chief  part  of  the  course  of  the  disease. 
A  persistent  considerable  elevation  suggests  some  complication,  such 
as  phthisis,  and  should  lead  to  careful  and  repeated  examination  of 
the  lungs.  It  may  also  indicate  a  persistence  of  toxaemia,  other 
indications  of  which  are  mentioned  among  the  complications  of  the 
disetise. 

The  CauBe  of  Death  in  acute  cases  is  often  palsy  of  the  respiratory 
muscles,  sometimes  aided  by  a  catarrhal  bronchitis,  or  paralysis 
of  the  heart  when  the  vagus  is  affected ;  in  more  chronic  cases  it  may 
be  caused  by  exhaustion,  due  to  chronic  gastric  derangement  and  the 
wearying  effects  of  prolonged  suffering,  or  the  effects  of  disease  of  the 
spinal  cord.  Pneumonia  frequently  causes  death  in  the  acute  forms, 
and  in  alc<»holic  subjects  the  inflammation  of  the  lung  so  often  runs 
a  low  course,  with  extensive  consolidation,  sometimes  bilateral  and 
unusual  in  seat  (as  in  the  middle  lobe  and  central  portions  of  the 
lung),  that  it  is  difficult  to  avoid  the  suspicion  that  its  form  and  course 
&re  determined  by  coincident  neuritis  of  the  pulmonary  branches  of 
the  Tagus,  either  primary  or  secondary  to  the  inflammation  of  the 
lung.  Death  may  result  unexpectedly  from  cardiao  failure  when  no 
preceding  symptoms  have  suggested  an  affection  of  the  cardiac  nerves, 
and  in  such  cases  there  is  generally  a  coincident  degeneration  of  the 
walls  of  the  heart.  Fatal  neuritis  of  the  vagus,  however,  may  occur 
very  early  in  relapses.  Other  coincident  effects  of  chronic  alcoholism 
are  frequent  causes  of  a  fatal  issue,  such  as  cirrhosis  of  the  liver, 
gastric  troubles,  and  chronic  cerebral  meningitis  in  cases  of  alcoholism, 
or  acetonsemia  in  cases  of  diabetic  polyneuritis.  Various  morbid 
blood-states,  causing  the  neuritis,  may  continue  and  cause  death. 
Lastly,  phthisis  is  a  frequent  cause  of  death,  and  probably  varies  in 
the  relation  it  bears  to  the  neuritis,  sometimes  being  its  consequence, 
and  sometimes  apparently  a  coincident  effect  of  some  obscure  cause. 

Complications. — The  chief  of  these  have  been  just  enumerated  in 
the  list  of  the  causes  of  death.  The  most  important  in  alcoholic  cases 
are  the  effects  of  alcohol  on  various  organs  and  tissues,  especially  on 
the  liver,  heart,  and  spinal  cord.  It  is  very  common  to  find  the  liver 
enlarged,  sometimes  very  large ;  less  commonly  it  is  contracted.  The 
enlarged  liver  may  be  either  fatty  or  fibroid.  Ascites  and  other  effects 
of  portal  obstruction  are  much  less  frequent  complications  than  might 
be  expected,  perhaps  because  it  is  rare  to  have  much  contraction  of 
the  new  tissue  in  the  liver.  The  kidneys  also  are  often  diseased. 
Gastric  catarrh  with  its  varied  symptoms,  morning  vomiting,  anorexia, 
and  the  like,  is  very  common.  So  also  are  the  several  effects  of 
gout  due  to  the  alcoholism  or  to  metallic  poisons  when  these  have 
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htvn  fh«*  /*An»#*  rtf  th**  n*^intig  faji  leid,  or,  as  in  one  case  under 
rriy  riotirr^  nilvf^fj  On  th»f  part  of  the  nerroiu  sjstem  there  may 
liM  vnntnm  n\i\>H^i\fj>t  And  chronic  forms  of  inflammation  of  the  rab- 
Nffirifrt  iff  th<*  f4[>iiial  cord  or  of  ita  mt^mbraaes,  the  common  manifesta- 
luMiN  of  irliich  ar<>  to  a  lar;^  extent  prevented  bj  the  affection  of 
Urn  ri'TVcfl.  Th**  most  important,  the  tmnk  girdle  pains  and  the 
nfforiiou  iff  the  ^phincter^,  are  further  coniidered  in  the  section  on 
(liMj(ri(>Miii.  Chrome  cerebral  meningitis  is  also  common,  and  usually 
faiU  to  proiiir-e  its  usual  manifestation,  pain,  eren  when  marked 
find  t»tiounir^  opacity  and  increase  of  fluid  are  foond  after  death.  It 
iiMtially  rtiMHfin  Morne  chronic  mental  disturbance,  often  slight  optic 
iMMiritiN,  and  iM'>mctime8  general  conmlsions.  But  mental  change  is 
alfio  common  as  a  direct  effect  of  the  alcohol  on  the  brain ;  distinct 
delirium  tremens  often  coincides  with  the  onset  of  the  neuritis.  In 
niodt  alcoholic  cases,  indeed,  the  mental  state  is  unnatural;  the 
patient  is  irritable,  intiilerant  of  pain,  and  deficient  in  self-control. 
Varionii  manifestations  of  hysteria  occur  in  women,  and  a  peculiar 
child iflh  j(><;ularity  is  sufficiently  common  to  deserre  special  mention. 
Tho  craving  for  withheld  stimulants  increases  the  irritability,  and,  in 
the  OHse  of  women,  prerious  training  in  duplicity  in  order  to  obtain 
iilcohol  has  usually  induced  a  general  deterioration  of  the  moral 
souHe,  wliich  has  results  that  startle  those  who  have  been  success- 
fully deceived  Mental  change  is  for  the  most  part  absent  in  the 
casoB  due  to  cold  (save  in  some  in  which  there  is  an  intense  blood- 
chan^o),  and  in  those  produced  by  metallic  poisoning;  but  it  occurs  fre- 
quently in  toxsomic  cases,  generally  in  the  form  of  simple  delirium, 
and  is  apparently  due  to  a  simultaneous  action  of  the  morbid  agent 
in  the  cells  of  the  brain.  A  persistent  morbid  blood-state  may  cause 
endocarditis  and  other  consequences. 

Phthisis  is  also  a  very  fiequent  complication;  its  double  relation 
to  the  neuritis  has  l>een  already  mentioned.  The  form  of  lung  dis- 
ouHe  met  with  in  neuritis  presents  no  special  peculiarities,  except  that 
low  pneumonic  changes  play  a  considerable  part  in  the  morbid  pro- 
cess.    Acute  pneumonia  is  also  common. 

Pathological  Anatomy. — The  changes  in  the  nerves  correspond  to 
those  already  described  in  the  account  of  neuritis,  with  the  exception 
that  the  chief  changes  of  isolated  neuritis  are  in  the  connective  tissue, 
and  OHpeeially  in  the  sheath ;  and  those  in  the  nerve-fibres  are  subor* 
dinato  In  most  ctises  of  polyneuritis  the  connective  tissue  suffers  &r 
less  than  do  the  nerve-fibres.  Considerable  variations  are  found,  how* 
ever,  in  the  extent  to  which  the  two  elements  suffer.  In  rare  cases, 
aud  chiefly  in  those  in  which  the  distribution  of  the  affection  is  not 
strictly  symmetrical,  the  inflammation  chiefly  affects  the  sheath  and 
interstitial  tissue;  in  acute  symmetrical  cases  both  the  connective 
tissue  and  nerve  fil ires  are  involved,  as  in  Fig.  69,  p.  132.  This  was 
also  the  condition  in  the  case  of  fatal  septicsemic  neuritis  recorded  by 
Koth  ^see  p.  115).     In  the  vast  majority  the  fibres  are  affected  chiefly 
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or  eren  exclosiyely;  the  changes  are  essentially  parenchymatous. 
Tliis  is  the  rule  when  tbe  altection  is  strictly  symmetrical.  It  is 
remarkable,  often,  how  slight  is  the  altection  of  the  connective  tissue 
and  sheath,  even  in  nerve- trunks  that  have  been  extremely  tender. 
Hence  it  is  probable  that  this  tenderness  is  often  due  to  changes  in 
the  nerres  of  the  sheath,  the  ''nervi  nervorum/'  similar  to  that  which 
the  proper  conducting  fibres  of  the  nerve  undergo,  rather  than  to  an 
inflammation  of  the  connective  tissue  itself. 

Naked- eye  changes  are  present  only  when  the  connective  tissue  and 
sheath  are  inflamed  in  considerable  degree.  In  recent  and  acute  cases 
of  this  character  the  nerves  may  be  found  reddened,  swollen,  and 
sometimes  small  hemorrhages  are  visible.  In  older  cases  they  may  or 
ma  J  not  be  swollen,  but  are  usually  softened,  and  even  pulpy.  When 
tbe  changes  are  confined  to  the  nerve-fibres,  diminished  consiHtence 
may  be  the  only  alteration  that  can  be  recognised  on  simple  examina- 
tion ;  and  often  this  is  absent,  and  the  nerves  ap[>ear  normal  on  external 
examination,  even  when  their  fibres  are  extensively  diseased.  Some- 
times under  a  low  magnifying  power  a  section  of  the  nerve  has  a 
mottled  aspect,  due  to  the  irregular  degeneration  of  the  fibres. 

When  the  connective  tissue  is  involved  the  microscope  shows  the 
sheath  to  be  infiltrated  with  lymphoid  cells  (probably  leucocytes), 
and  in  old  cases  many  spindle-cells  and  fibres  increase  its  bulk.  The 
same  changes  may  be  traced  in  the  septa  between  the  fasciculi,  and 
in  the  secondary  sheaths  that  surround  the  latter.  The  walls  of  the 
vessels  are  also  thickened  (Fig.  59,  a).  When  mere  acuteness  of 
parenchymatous  neuritis  causes  the  connective  tissue  to  be  inflamed, 
the  interstitial  tissue  and  inner  part  of  the  sheath  are  chiefly  affected, 
and  an  amorphous  "  exudation  "  may  be  found  in  these  situations. 
But  the  fibres  themselves  always  suffer  in  conspicuous  degree ;  and  in 
the  majority,  as  in  the  case  from  which  Figs.  59  and  60  are  drawn, 
they  suffer  chiefly,  the  interstitial  tissue  presenting  comparatively  little 
change.  In  this  case  the  patient  was  a  woman  aged  thirty-three, 
alcoholic ;  the  course  of  the  disease  was  subacute ;  the  symptoms 
reached  a  considerable  degree  in  a  few  weeks,  and  the  patient  died, 
chiefly  from  coincident  liver  disease,  five  months  after  the  onset.  The 
symptoms  were  characteristic,  and  continued  up  to  the  time  of  death. 
The  condition  found  after  death  is  a  good  illustration  of  the  paren- 
chymatous or  degenerative  form,  but  in  all  forms  of  polyneuritis 
the  process  in  tbe  nerve-fibres  is  the  same,  whether  the  connective 
tissue  is  or  is  not  affected.  The  fibres  undergo  acute  degeneration, 
essentially  the  same  as  that  which  occurs  after  an  injury  to  a  nerve. 
It  has  been  represented  in  Figs.  33  and  34  (p.  50),  and,  associated 
with  inflammation  of  the  sheath,  in  Fig.  44  (p.  65).  Examination 
in  the  recent  state  reveals  abundant  products  of  the  degenera- 
tion of  the  fibres,  granule  corpuscles,  &c.  After  hardening,  a  trans- 
verse section,  stained  with  carmine  and  cleared  in  the  usual  way, 
presents  the  appearance  shown  in  Fig.  59,  ▲.     There  is  a  slight  increase 
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ill  the  coiinc'Olive  tissue  between  tlie  fasciculi ;  the  arra  of  these  ia 
ocrupiL-d  by  tructs  of  inturstitial  tissue,  which  anOer  a  hij-her  mai;- 
nifyiug  powi-r  (b)  have  a  brancliiiig  form,  eiiclosing  spai-ci  which  ha*e 
been  oci;ui)iuJ  by  iiervu-fibres  and  in  souie  of  which  health;  fibres  still 
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dculut  of  tame,  mors  liialil;  lua^joilieiL    0.  Part  of  a  leii  aflected  faidenlai 
rTuD)  a  iDiueulo-iiilrjil  nerva. 


H.  GO. — STt1nn<  from  th«  hiidp  (dnttr  uptvc,  ititned  with  oomle  ariil  and  moantrd 
ill  i.'l>  c<-riiir,  A.  Fn>cicii1ii«  D'lclfr  low  power.  B.  I'lirt  of  a  fam-ii-Dlu*  mnre 
liii;1i1y  icneiiifli'it-  0-  l>oD)[itudmiil  Kction  of  iurTa>BUre<^  (From  m-tiunt 
prepiircd  Ijj  Dr.  llwror.) 

remtiin  (c).  The  space  between  this  tissue  is  occupied  hy  the  pro- 
ducts of  (Ie(;eQcratioQ  of  the  fibres,  liut  these  are  reudi-red  inviuble 
bv  the  ('learJDg  process,  and  only  faint  indications  of  their  outline  can 
be  seen  (b).  In  sectiotia  stiiini;d  with  osmic  acid  and  mount*^  in 
(rlyci'rine  (Fi(,'.  60)  these  products  of  degenenttoD,  stained  dark,  an 
conspiriiims.  Under  a  low  magniryin;;  power  (a)  a  fasciculus  is  sees 
to  be  Kttidileil  with  black  granular  spots,  elongated  vhere  the  flbret 
are  divided  obliquely ;  the  increase  in  the  Umoc  between  thus  de- 
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generated  fibres  is  distinct;  aggregations  of  myelin  are  seen  in  tbe 
connective  tissue  between  the  fasciculi.  Under  higher  powers  (b)  the 
dark  spots  are  seen  to  be  tbe  sections  of  degenerated  nerve-fibres,  in 
some  places  two  or  more  being  blended  into  a  larger  mass.  In  a 
longitudinal  section  (c)  the  process  of  degeneration  of  the  fibres  is 
more  distinctly  seen,  and  from  it  the  appearance  of  the  transverse 
section  can  be  better  understood.  The  white  substance  is  broken  up 
and  enlarges  the  fibres  at  some  place;?,  while  at  others  it  has  been 
removed,  and  tbe  sheath  is  left  empty.  Bound  masses  of  myelin  lie 
(on  the  left)  outside  the  fibres.  The  nuclei  of  the  fibres  are  enlarged ; 
one,  of  cousiderable  size,  is  seen  in  the  centre  of  the  figure.  Connec- 
tive-tissue fibres  and  cells  lie  between  the  nerve-elements,  and  near 
the  sheath  are  round  and  spindle  cells  containing  myelin  granules  and 
globules  which  they  have  taken  up  (b). 

The  distribution  of  the  changes  in  the  nerves  varies  much  in 
different  cases.  The  signs  of  iuflammation  of  the  sheath  may  exist 
only  ou  the  lai^r  and  medium-sized  nerves  of  the  limbs,  and  in  tbe 
smaller  nerves  the  changes  may  be  confined  to  the  nerve-fibres.  These 
may  be  traced  down  into  the  intra-muscular  nerves  and  their  endings. 
On  the  lai^r  nerves  the  signs  of  iufiammation  of  the  sheath  are  most 
intense  at  certain  spots,  especially  (as  in  simple  neuritis)  where  a 
nerve  turns  round  a  bone,  or  passes  through  a  fascia,  or  divides, 
or  in  the  neighbourhood  of  joints,  their  situation  being  probably 
determined  by  mechanical  influences. 

In  all  cases  in  which  the  affection  is  chiefly  of  the  nerve-fibres 
themselves  the  changes  are  usually  intense  in  the  peripheral  parts  of 
the  nerves,  and  as  the  nerves  are  examined  farther  from  the  periphery 
the  alterations  become  progressively  slighter,  and  the  proportion  of 
normal  fibres  larger,  until  the  morbid  appearance  ceases.  The  centri- 
petal extent  of  the  disease — that  is,  the  degree  in  which  the  larger 
trunks  are  affected — varies  according  to  the  duration  and  severity  of 
the  case.  If  tbe  nerve-fibres  could  be  isolated  and  seen  like  the  branches 
and  twigs  of  a  tree,  as  they  separate  in  the  peripheral  ramiflcations, 
we  should  see  the  endings  and  twig-liko  branches  withered,  and 
as  the  branchlets  become  larger  and  larger  by  junction  they  would 
assume  a  more  and  more  normal  aspect  until  the  larger  branches 
appear  perfectly  natural.  The  size  of  branch  to  which  the  change 
extended  would  vary  according  to  the  severity  of  the  case.  In  some  in- 
stances, even  those  of  largest  size  would  present  some  alteration,  while 
in  others  the  small  twigs  would  be  withered  in  a  considerable  part  of 
the  tree  although  the  change  did  not  extend  beyond  them.  In  a 
tree  the  leaves  would  drop  off  equally  whether  the  twigs  only  were 
diseased  or  the  branches  also;  and  so  the  muscles  suffer  equally  whether 
tbe  nerve  degeneration  is  limited  to  the  periphery  or  extends  to  the 
nerve-trunks.  In  the  case  from  which  the  illustrations  are  taken  even 
tbe  sciatic  nerve  presented  few  healthy  fibres ;  but  here,  as  usual,  tbe 
anterior  roots  were  healthy.     This  limitation  to  the  peripheral  ex- 


134  MCLTIPLE    XEUUITIS. 

irfmiiifm  of  tb^  nerTet  is  met  with  in  slight  cases  of  consideral)le 
flnraiioD^  but  also  in  Mftmet  serere  caues  of  Terj  brief  duration.  For 
inniAwe,  in  a  case  aG/orojianied  bj  pneamouia,  and  fatal  in  seven  days, 
the  onlj  ch;iii(<e  found  was  in  the  filo^s  themselves  within  the  muscles; 
it  was  a  motor  parefiChjmatoas  neuritis.  The  character  of  the 
changes  \a  aloio  infliH'Uced  bj  that  of  the  nerve-fibres  involved.  If  the 
affection  is  partial,  aM  io  the  ataxic  or  the  purelv  motor  forms,  the 
mixed  nerven  contain  man?  health v  fibres  mingled  with  those  that  have 
utidergorif^  atroplij.  When  the  hvmptoms  are  both  motor  and  sensorj 
alfiKist  all  the  nerve-fibres  are  found  to  ha?e  suffered. 

The  nerves  of  the  limbs  alone  present  changes  in  the  majority  of 
canes.  The  corresponding  nerres  on  the  two  sides  are  almost  always 
affected.  The  mn.Hculo-spiral  nerve  in  the  arm  and  the  anterior  tibial 
nerve  in  the  h;g  UHually  suffer  first  and  in  greatest  degree,  but  often 
all  the  terminal  nerves  of  the  limbs  are  involved  in  some  measure; 
in  the  lower  leg  the  anterior  tibial  almost  always  presents  more 
change  than  the  other  nerves  of  the  same  level,  and  in  the  thigh  the 
sciatic  more  than  the  anterior  crural.  In  the  arm,  the  median  and 
inuHCulo-ripiral  and  ulnar  all  suffer,  but  the  alteration  in  these  nerves 
in  the  upper  arm  may  be  slight  when  it  is  considerable  in  their 
branches  in  the  forearm.  The  changes  occasionally  met  with  in 
other  nerves  correspond  to  their  implication,  as  described  in  the 
section  on  symptoms. 

The  Musclen  ])resent  changes  of  the  same  charsicter  as  those  which 
result  from  ordinary  neuritis  (see  p.  43).  They  are  paler  than 
normal  and  smaller  in  bulk.  The  fibres  are  reduced  in  size,  and  pale; 
the  transverse  striation  may  be  preserved,  or  they  may  be  granular; 
normal  fibres  may  be  found  side  by  side  with  those  that  are  degene- 
rated. The  nuclei  of  their  sheaths  and  of  the  interstitial  tissue  mav  be 
increased  in  num]>€r,and  often  are  arranged  iu  groups ;  and  sometimes 
a  quantity  of  such  nuclei  and  leucocyte-like  cells  may  separate  widely 
tiie  fibres,  and  granular  and  pigment  masses  may  accumulate  between 
them.  In  very  acute  cases  the  changes  in  the  muscles  may  be  great, 
and  alike  parenchymatous  and  interstitial;  the  fibres  presenting 
losH  of  their  striation  with  fatty  and  granular  degeneration,  while 
there  may  be  a  great  increase  in  the  amount  of  the  interstitial  tissne, 
ispecially  of  its  nuclear  elements. 

The  Spinai  Cord  has  leen  found  healthy  in  most  cases.  Occasionally 
the  grey  substance  has  appeared  pale  and  somewhat  shrunken,  so  as 
to  present  a  slighter  difference  from  the  white  than  normal.  The 
ganglion-cells,  in  some  instances,  have  presented  abnormal  appearances 
— a  vitreous  appearance  or  vacuolation,  and  this  when  the  anterior 
nerve-roots  were  not  diseased.  In  many  alcoholic  cases,  however, 
changes  more  or  less  considerable  have  been  found  in  the  oord« 
Chronic  myelitis  in  irregular  disseminated  areas  is  the  chief,  and  there 
lui8  been  sometimes  also  chronic  inflammation  of  the  membranes, 
e>pocially  of  the  pia  mater,  involving  also  the  peripheral  layers  of  the 
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cord ;  an  instance  of  this  is  fig^ured  in  the  chapter  on  chronic  myelitis. 
In  other  cases  there  has  been  merely  a  general  increase  in  the  con- 
nective tissue  throughout  the  cord,  which  has  been  in  some  instances 
greater  in  one  region  than  elsewhere,  and  especially  marked  in  the 
posterior  columns. 

Other  organs  are  often  found  diseased,  and  in  alcoholism  the  lesions 
common  in  that  disease  are  generally  found  in  some  degree,  especially 
alterations  in  the  liver  and  kidneys.  The  former  may  be  large  and 
either  cirrhosed  or  fatty;  the  kidneys  are  generally  large  and  opaque, 
sometimes  with  fatty  stria  in  the  cortex.  Pneumonia  is  frequent 
both  in  these  and  in  all  cases  due  to  causes  that  induce  an  intense 
change  in  the  blood.  In  these  there  may  also  be  enlargement  of  the 
spleen,  such  as  is  met  with  in  typhoid  fever  and  septicsBmia.  Phthisical 
changes  in  the  lungs  are  also  common  in  chronic  cases,  both  in  those 
that  are  due  to  alcohol  and  in  others.  No  special  peculiarity  has  been 
observed  in  the  pulmonary  lesion,  but  it  is  very  desirable  that  more 
attention  should  be  paid  to  the  state  of  the  nerves  of  the  lungs 
entering  the  diseased  parts.  When  not  otherwise  diseased,  the 
lungs  are  generally  found  the  seat  of  terminal  congostion  and 
oedema.  The  wails  of  the  heart  may  be  degenerated,  and  alterations 
may  sometimes  be  found  in  its  nerves. 

Patholoot. — An  outline  of  the  chief  facts  in  pathology  of  multiple 
neuritis  has  been  given  in  the  introductory  section,  and  not  much  re- 
mains to  be  added.  The  relation  of  the  motor  symptoms  to  the 
lesion  of  the  nerves  has  also  been  described  in  the  general  account  of 
diseases  of  the  nerves,  and  in  the  description  of  isolated  neuritis  ;  all 
that  has  been  said  of  the  single  form  is  true  also  of  that  which  is 
multiple.  The  wasting  that  accompanies  the  loss  of  power,  and  the 
change  in  electrical  irritability,  are  the  same  in  each.  In  each  it  is 
true,  moreover,  that  the  position  of  the  lesion  in  the  course  of  the 
nerve- fibre  makes  no  difference  to  the  symptoms  ;  these  are  the  same 
whether  the  disease  is  in  the  trunk  of  the  nerve,  the  peripheral  fibres, 
or  the  actual  nerve-endings.  The  relation  of  the  ataxy  in  the  pseudo- 
tabetic  foriu  to  a  neuritis  of  the  afferent  muscular  nerves  is  proved 
partly  bj  exclusion,  partly  by  analogy,  since  in  true  tabes  the  lesion 
may  be  confined  to  these  ;  the  spinal  cord  may  be  free,  and  only  the 
peripheral  nerves  diseased.  The  evidence  for  this  will  be  described  in 
the  general  account  of  the  functions  and  symptoms  of  diseases  of  the 
spinal  cord,  and  in  the  chapter  on  locomotor  ataxy — a  disease  which 
sometimes  not  only  resembles,  but  is  almost  identical  with  the  pseudo- 
tabetic  form  of  neuritis.  The  pains  and  hvpersesthesia  are  explained 
bj  the  fact  that  the  disease  of  the  nerves  is  one  in  which  the  nerve- 
fibres  themselves  suffer  primarily,  and  that  on  them  the  cause  must 
have  a  primary  and  direct  action.*     An  infiuence  which  leads  to  the 

*  In  the  fir»t  edition  I  togg^ted  that  the  degeneration  of  some  of  the  fibres 
might  be  secondary  to  their  damage  by  the  inflammation  of  the  sheath  and  inter- 
Mitlal  tissue  at  soma  higher  spot.     Bat  this  now  seems  very  anlikely;   it  is  far 
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molecuUr  destmction  of  the  nerre-fibrefl  most,  in  destrojing  tlieir 
■tmctore,  disturb  gravel j  their  fanction ;  and  this  disturbance  of 
•tmctore  and  of  fooction  procet^  in  the  part«  still  connected  with 
the  nenre-centres,  so  that  the  irriu&tiTe  indaence  of  the  molecular 
changes  can  act  on  the  centres  bj  the  normal  upper  parts  of  the 
nerres  thrrjuirhoat  the  whole  oo'irse  of  the  maladj.     It  indnces  in  tbt 
c(;ntres,  as  all  prolong*^  pain  does,  an  undue  readiness  of  action,  u 
state  of  OTer-excitabilitj ;  and  so  we  can  understand  the  persisteooe 
of  the  pains  and   hrperaesthesiA,  and  the  fact  that  these  continnd 
until  the  process  of   restoration  has  become  definitelj  established. 
The  same  considerations  applj  to  the  tenderness  of  the  muscles,  sinou 
the  aff«;rent  muscular  nerves  corre:f|K>nd  in  the  direction  of  their 
function  to  the  sensorj  nenres  of  the  skin.     In  both  cases  mechanics] 
influences  constitute  the  chief  mode  of  their  normal  stimulation,  and 
hence  the?  maj  well  be  morbidlj  sensfitire  to  such  influences.     The 
|«ripheral  distribution  of  the  changes  iodicatt*s,  moreover,  that  pro- 
baUj  the  first  to  suffer  are  those  in  which  functional  susceptibility 
is  most  highlj  developed — the  actual  endings  of  the  nerres,  and  ths 
structures  which  are  especial! j  a^lapted  for  the  reception  of  stimuli 
and  the  production  of  nerve-force 

We  have  seen  that  two  facts  give  us  the  kej  to  the  pathology  of 
the  disease  so  far  as  this  is  jet  understood.  One  is  its  sjmmetrj, 
the  other  is  the  fact  that  it  is  commonlj  a  disease  of  nerve-fibres^ 
that  these,  and  not  the  connective  Uksuc,  are  the  parts  primarily  and 
specially  diseai«ed.  In  all  btructuies,  in  proportion  to  the  intensity 
and  acuteness  of  the  parenchymatous  affection,  the  interstitial  tissue 
particiftates  in  the  changes,  and  escapes  in  proportion  to  its  slowness 
and  slightness.  The  extent  to  which  this  is  true  of  multiple  neuritis 
has  been  already  pointed  out.  Further,  in  its  relation  to  a  morbid 
blood-state  as  its  sole  cause,  we  have  the  key  to  the  symmetry  of 
the  affection  as  well  as  to  its  parenchymatous  nature,  and  on  this 
point  there  remains  little  to  add  to  what  has  been  already  said. 
Such  a  limitation  to  the  nerve-fibres  as  is  seen  in  multiple  neuritis 
is  unknown  in  the  isolated  form,  in  which,  as  in  gouty  or  syphilitio 
neuritis,  the  affection  is  chiefly  one  of  the  sheath  and  intefstitial 
connective  tissue;  and  the  fibres  suffer  only  secondarily  in  chronic 
cases,  although,  in  accordance  with  the  law  already  stated,  they  are 
involved  in  acute  cases  in  proportion  to  the  intensity  of  the  process. 

It  is  not  surprising  that  the  symptoms  of  multiple  neuritis  should 
bear  so  close  a  resemblance  to  those  of  some  affections  of  the  spinal 
cord,  since  we  must  regard  the  peripheral  nerves,  at  least  the  motor 
fibres,  as  essentially  outlying  parts  of  the  cord,  and  it  will  be  seen 
that  one  central  disease,  primary  lateral  sclerosis,  presents  man? 
points  of  correspondence  with  the  chronic  form  of  polyneuritis,  being 

more  probable  that  all  the  fibres  suffer  in  the  laine  way,  and  the  more  tborooghlj 
e-ttes  are  studied  the  more  clearly  does  it  appear  that  all  symint^trical  uearitii  ia 
peripheral  and  pHreUc-hvmatous. 
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■..:'  till*  blooil-state  luav  have  a  considerable  influence  in 
r.s  cU'octs  u^iou  tbe  nerves  and  ameliorating  the  course  of  the 

"■  '  .;;.o>is  of  multiple  neuritis  depends  on  the  motor  andsensorj 
-  abuvo  di'seribeil,  their  correspondence  in  function  and  dis- 
5!!  the  uU2)osite  limbs,  tbeir  peculiar  syni metrical  localisation 
■■v*r'.'njitifs  in  the  tir&t  in^tauce,  and  on  the  tendernehS  of  the 
'  ■•  ■  -tiuiiks,  and  muscles.  Symmetrical  weakness  of  the  extensor 
■  -  situatel  in  the  forearm,  and  of  tbe  corresponding  muscles  in 
*■  b'l:,  or  of  either  of  those,  is  tbe  leading  diagnostic  motor  sym- 
J'llriteral  wrist-drop  or  foot-drop  suggests  multiple  neuritis,  and 
•  <'iii*sia  or  deep  tenderness  gives  strength  to  tbe  opinion.     It  is, 
' :.  most  imniirtant  to  remember  bow  widely  tbe  symptitms  vary 
-h^'-Tent  forms  and  in  different  cases  of  tbe  same  fonn.     The 
.  lly  f.ital  cases,  with  palsy  quickly  becoming  general,  are  of  a 
:•■  u:ilike  tbe  cbr<»uic  cases  in  whicb  one  group  of  muscles  on 
>   tiers  alone;  wbile  tbere  is  a  positive  contrast  between  the 
.1  case  of  " pseud o- tabes,"  in  which  ataxy  and  pains  are  almost 
-;  mptoms.     In  cbrouic  cases  also  tbe  early  pains  are  often 
.  uir  tbose  of  rheumatism,  and  in  those  of  acute  course  and  duo 
:  i.ese  pains  suggest  the  onset  of  rbeumatic  fever  rather  tban 
;ii''ction  of  the  nerves.     The  seat  of  the  pains,  bowevcr,  is  not 
'.   ilieumatic  pain,  and  tbeir  association  witb  tingling  in  tbe 
A-Aivs  should  excite  a  suspicion  that  tbey  are  of   nerve  origin 
: -.'lore  muscular  weakness  renders  their  nature  clear.     The  im- 
i!ii-t'  is  great  of  ascertaining  precisely  the  i)osition  of  all  pains  in 
.'inbs.     Neglect  to  do  so  is  a  fertile  source  of  error  in  diagnosis, 
:  may  easily  put  the  observer  on  a  wrong  path,  from  which  other 
.^•toms  fail  to  withdraw  bim.     It  must  be  again  pointed  out  that 
-•i  near  a  joint,  produced  by  movement  of  tbe  joint,  is  easily  mis- 
.  U'U  for  pain  in  the  joint,  even  when  it  dei>ends  entirely  on  tenderness 
;   tbe  adjacent   nerves.      In  some   cases   the  |»ain    is    regarded  as 
;^'  uralgic,  es{>eeially  when  it  is  seated  in  the  arms  and  han<ls,  and 
.t&  position  is  [lerceived  to  1k3  that  of  nerve-trunks  or  branches.     But 
I  hi-  general  elements  of  the  diagnosis  between  the  two  disea.ses  gene- 
rally (described  partly  in  the  section  on  neuritis,  partly  in  that  on 
Deuralgia  in  vol.  ii)  usually  suffice  for  the  distinction,  the  most  im- 
portant point  being  tbe  j^ersistence  of  tenderness  and  hypei  ocsthesia  in 
relative  excess  of  the  spontaneous  pain,  and  the  develoj»ment  of  sym- 
ptoms that  indicate  damage  to  the  conducting  fibres.     Tbe  bilater..! 
ajmmetry  of  tbe  pain  should  also  help  to  prevent  error ;  true  neuralgia 
18  essentially  a  unilateral  disease.     A  gouty  diathesis  may  increa>e 
the  difficulty  of  tbe  diagno.<<is,  especially  in  alcoholb:  cases;  1>ut  tbe 
pains  of  gout  are  unequivocally  articular  or  muscular,  and  neuritis 
due  to  it  is  single  and  distinctly  adventitial. 

The  symptoms  resemble  most  cb>sely  those  of  certain  diseases  of  the 
spinal  cord,  especially  acute  and  subacute  inflammation  of  the  grey 
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wasting  and  ansestliesia,  but  there  is  no  considerable  pain,  and  the 
weakness  in  the  limbs  usnallj  succeeds  paralysis  of  the  palate  and 
ciliary  muscle,  never  met  with  in  other  forms  of  polyneuritis.  The 
distinction  from  other  diseases  (as,  for  instance,  that  from  the  sym- 
metrical paralysis  of  the  extensors  which  may  occur  at  the  onset  of 
progressive  muscular  atrophy)  will  be  considered  when  these  diseases 
are  described. 

The  distinction  of  the  ataxic  form, "  pseudo- tabes,"  from  true  tabes 
is  often  beset  with  great  difficulty.  This  is  indeed  natural,  since  the 
lesion  in  true  tabes  may  be  identical  with  that  in  the  neuritic  affec- 
tion ;  not  only  is  degeneration  of  the  peripheral  nerves  a  common 
lesion  in  tabes,  having  the  same  distribution  at  the  peripheral  ex- 
tremities of  the  nerves  as  in  polyneuritis,  but  in  the  variety  termed 
*'  neuro-tabes  "  the  lesion  consists  only  in  this  nerve-degeneration,  and 
the  spinal  cord  is  free  from  disease.  We  have  then  affections  iden- 
tical in  pathological  anatomy,  and  almost  identical  in  symptoms. 
Yet  we  must  class  the  neuro-tabes  with  the  spinal  form,  from 
which  polyneuritis,  as  here  described,  has  to  be  distinguished;  it 
is  necessary  to  do  so  on  account  of  the  relations  and  etiology  of  the 
two  maladies,  as  well  as  on  account  of  pi*actical  considerations.  The 
presence  of  actual  paralysis,  of  distinct  weakness  of  the  extensors,  in 
addition  to  inco- ordination,  would  of  course  decide  the  question,  since 
there  is  no  actual  loss  of  power  in  tabes  :  hence  a  distinction  in  gait 
pointed  out  by  Westphal  and  Charcot,  that  in  pseudo-tabes  the  feet 
are  raised  too  high  on  account  of  the  difficulty  of  getting  the  toes  off 
the  ground  (like  a  person  stepping  over  low  objects),  is  of  little  actual 
value ;  it  only  exists  when  there  is  distinct  loss  of  power.  But  it  is 
in  the  cases  of  neuritis  in  which  there  are  only  sensory  symptoms 
that  the  difficulty  especially  exists.  It  occurs,  moreover,  chiefly 
when  the  ataxy  is  moderate  in  degree ;  when  this  is  so  great 
that  the  patient  is  not  able  to  stand  alone,  in  spite  of  the 
power  of  moving  all  joints  of  the  legs  with  fair  force,  true  tabes 
should  alone  be  thought  of.  The  cases  of  tabes  in  which  there  is 
moderate  inco-ordination  of  movement,  distinct  unsteadiness  on 
walking,  whether  increased  by  closure  of  the  eyes  or  not,  and  distinct 
irregularity  and  uncertainty  in  the  movement  of  the  feet  and  legs,  are 
those  which  are  perfectly  simulated  by  the  pseudo-tabetic  form  of 
polyneuritis.  Pains  are  common  to  the  two  diseases,  and  neither  pro- 
longed acute  pain  nor  dull  rheumatoid  pains  afford  the  means  of 
distinction.  True  "  lightning  "  pains  are  seldom  met  with  in  neuritis ; 
they  are  therefore  strong  evidence  that  the  case  is  one  of  tabes. 
Extreme  hypersestliesia  is  much  more  common  in  neuritis  than  in 
tabes,  but  is  of  little  service  in  the  diagnosis  because  it  is  not 
often  present  in  ataxic  polyneuritis,  but  the  muscular  tenderness  of 
neuritis  is  of  considerable  diagnostic  value.  A  great  excess  of  the 
reflex  action  from  the  skin  is  occasionally  met  with  in  tabes,  the 
sensory  impressions  being  painless;  while  in  ataxic  neuritis  the  reflex 
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action  is  seldom  excessive, and  is  generally  diminished,  while  thesensory 
impression  is  commonly  painful  from  the  hypersesthesia.  Some  other 
symptoms  are  also  of  value  as  indications  of  tabes  rather  than  neuritis, 
— an  affection  of  the  sphincters ;  a  sense  of  coustnction  round  the 
trunk  (which  may  be  felt  over  a  wide  area  as  a  band  rather  than  as  a 
cord)  ;  and  lastly  (but  among  the  first  in  importance),  the  reflex  action 
of  the  pupil  to  light  is  often  lost ;  scarcely  ever  in  neuritis.  Since  it  may 
be  normal  in  tabes,  its  loss  is  of  more  significance  than  its  presence,  but 
the  cases  of  tabes  in  which  it  is  preserved  form  only  a  small  minority, 
so  that  its  preservation  is  often  at  least  corroborative  evidence  that 
the  case  is  one  of  polyneuritis.  Mental  change  is  of  little  value  in  the 
diagnosis,  unless  it  is  in  the  form  of  definite  delirium  ;  but  the  less 
common  symptoms  of  tabes,  if  present,  often  afford  proof  of  the 
nature  of  the  malady,  although  generally  in  association  with  other 
symptoms  rather  than  by  themselves.  Optic  nerve  atrophy,  for 
instance,  is  almost  unknown  in  the  neuritic  '*  pseudo> tabes,"  and  so 
also  are  the  various  "  crises  :  "  care  must  be  taken  not  to  confound 
the  vomiting  of  alcoholic  gastric  disturbance  with  the  gastric  crises  of 
ttibes.  The  trophic  changes  differ  in  the  two,  the  tabetic  enlargement 
of  the  bones  and  disease  of  the  joints  are  unknown  in  neuritis  ;  and 
so,  in  the  former  affection,  are  the  simple  arthritic  adhesions  and  the 
"glossy  skin"  of  the  latter.  If  all  the  symptoms  are  considered 
separately  for  their  individual  value,  and  conjointly  for  their  asso- 
ciated  significance,  it  is  not  often  that  the  observer  will  remain  in 
doubt. 

One  other  special  diat^^osis  should  be  mentioned,  that  for  hysterical 
palsy.  This  occurs  chiefly  in  women  when  the  symptoms  are  motor 
and  are  in  the  legs.  When  in  the  arms,  the  characteristic  situation 
of  the  palsy  usually  attracts  attention  and  prevents  error.  A  defect  in 
the  power  of  extension  of  the  wrist  has  probably  never  been  met 
with  as  a.  consequence  of  hysteria.  Slight  ataxy  may,  however,  be 
purely  functional  in  nature,  but  the  knee-jerk  is  not  lost,  and  if  there 
is  anaesthesia  it  is  much  more  extensive  in  the  functional  affec* 
tion. 

It  is  of  great  importance  to  know  whether  the  spinal  cord  is  suffer- 
ing as  well  as  the  nerves.  The  following  symptoms  are  those  that 
are  the  most  common  and  important  evidence  of  this  complication : — 
(1)  Any  impairment  of  the  functions  of  the  bladder  or  rectum — in- 
continence of  fseces,  retention  or  incontinence  of  urine.  It  is  not, 
indeed,  improbable  that  their  impairment  may  form  part  of  the  most 
intense  form  of  polyneuritis  ;  but  it  is  not  part  of  the  ordinary  pheno- 
mena of  the  disease ;  hence,  in  such  cases,  these  symptoms  suggest 
that  the  disease  involves  the  cord  as  well  as  the  nerves.  It  is  impor- 
tant to  remember  that  when  there  is  mental  change,  evacuations  into 
the  bed  are  frequently  without  significance  as  to  the  state  of  the 
sphincters,  and  are  due  solely  to  the  inertia  of  the  mind.  This  is  a 
fertile  source  of  error.     (2)  A  distinct  sense  of  oonstrictiony  "  girdle- 
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I  ain,"  referred  to  any  part  of  the  trunk,  prol)ably  always  constitutes 
]>TOof  of  damage  to  the  cord.  Of  the  saine  significance  is  sharp  pain 
radiating  around  the  trunk  at  a  definite  leyel  and  not  elsewhere.  (3) 
An  important  distinction  in  alcoholic  cases  is  an  unusual  distribution 
of  the  affection,  e,  g,  complete  paralvsis  of  all  parts  of  the  legs,  or 
iveakness  of  the  muscles  above  the  knee,  and  not  of  those  below.  Im- 
fKurment  of  sensation  up  to  a  certain  level  on  the  legs  or  trunk  has 
the  same  significance ;  disease  of  the  nerves  does  not  involve  those  of 
sensation  up  to  a  definite  level.  Bedsores  also  increase  the  proba- 
bility that  the  cord  is  affected. 

If  a  case  is  recognised  as  one  of  multiple  neuritis  there  remains 
the  question,  what  is  its  cause  ?  In  many  cases  this  question  does 
not  arise,  because  the  cause  is  obtrusive,  and  has  been  recognised  as 
one  of  the  elements  of  the  diagnosis ;  but  in  other  cases  the  cause 
is  not  clear,  the  diagnosis  has  been  made  independently  of  it,  and  it 
remains  to  be  discovered.  For  the  most  part  it  is  only  necessary  to 
know  the  various  causes  in  order  to  determine  which  is  effective  in 
the  patient  under  observation,  because  one  or  another  of  them  is  to  be 
discovered  without  difficulty,  and  the  rest  are  absent.  It  may  be 
useful,  however,  to  remember  that,  as  a  rule,  in  chronic  metallic 
poisoning  the  arms  suffer  before  the  legs,  and  that  in  lead 
poisoning  the  acute  paralysis  is  limited  to  the  arms;  in  arsenical 
poisoning  the  affection  of  the  arms  is  soon  followed  by  that  of  the 
legs,  while  in  alcoholic  cases  the  legs  generally  suffer  first.  In  a 
case  in  which  arms  and  legs  are  affected  simultaneously  metallic 
poisoning  would  be  a  very  unlikely  cause.  An  initial  affection  of  the 
proximal  parts  of  the  limbs  at  the  same  time  as  the  distal  parts  sug- 
gests some  other  cause  than  alcohol,  especially  cold  or  toxsemia. 
Earlv  affection  of  the  muscles  of  the  trunk  or  of  the  bulbar  nerves 
Las  the  same  significance,  and  so  also  has  severe  constitutional 
disturbance  at  the  outset.  It  must  be  also  remembered,  however, 
that  alcoholism  often  co-operates  with  other  causes,  especially  with 
cold ;  and  it  must  also  be  remembered  that  the  inquiry  needs  to  be 
exhaustive  before  the  influence  of  alcohol  can  be  excluded.  This  is 
especially  true  in  the  case  of  females,  who  often  obstinately  deny  that 
which  would  bring  shame  upon  them.  Exposure  to  cold  has  gene- 
rally been  severe ;  and  if  it  has  not,  the  co-operation  of  alcohol  is  ex- 
tremely probable.  Neuralgic  pains  of  irregular  distribution  in  addi- 
tion to  the  symptoms  of  polyneuritis  should  suggest  diabetes  as  a 
cause,  but  the  examination  of  the  urine  for  sugar  should  never  be 
omitted.  When  polyneuritis  is  due  to  septicsemia  this  cause  may  be 
suggested  by  the  fact  that  the  patient  is  under  treatment  for  some 
sui^ical  ailment;  while  in  all  cases  of  obscure  origin  inquiry  should 
be  made  for  any  acute  specific  disease  to  which  the  neuritis  is  known 
to  be  secondary,  and  the  fact  should  be  remembered  that  a  consider- 
able interval  may  separate  the  two.  Some  form  of  toxsemia  is  always 
suggested  by  the  fact  that  the  onset  of  the  neuritis  is  associated  with 
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nent,  since  multiple  neuritis  is  not  known  to  be  excited  bj  any  otbei 
organic  poison  than  that  which  is  so  produced. 

The  forms  of  polyneuritis  ascribed  to  anesmia  and  cache xia»  &c.p 
may  be  a  simple  failure  of  nutrition  in  those  structures  of  the  nervous 
system  that  are  farthest  removed  from  the  centres ;  but  the  possibility 
must  not  be  forgotten  that  imperfect  tissue  changes  may  generate  a 
toxic  agent  capable  of  acting  on  these  nerves,  analogous  to  that 
assumed  to  be  effective  in  diabetes. 

The  changes  in  nutrition  are  sufficiently  explained  by  the  alterations 
found  in  the  nerves,  in  accordance  with  the  general  facts  of  trophic 
disturbance  stated  at  pp.  22  and  61.  That  in  tbe  muscles  corresponds 
in  distribution  to  the  changes  in  the  motor  nerves,  that  in  the  skin  and 
joints  to  those  in  the  sensory  nerves.  All  trophic  changes  which 
result  from  ordinary  nerve-lesions  must  be  ascribed  to  the  propagation 
downwards  of  the  influence  of  the  defective  and  abnormal  nutrition ;  and 
hence  it  necessarily  follows  that  such  abnormal  nutrition,  beginning  in 
the  nerve-endings,  should  have  a  similar  influence,  since  it  is  through 
those  nerve-endings  that  the  effects  of  higher  lesions  are  transferred 
to  the  tissues.  The  law  already  stated  holds  good  here  also, — that 
changes  in  nutrition  are  in  proportion  to  the  intensity  and  acuteness  of 
the  disturbance  in  the  nerves.  All  that  has  been  said  regarding  such 
changes  in  the  skin,  in  diseases  of  isolated  nerves,  is  true  also  of  the 
multiple  form,  and  even  more  clearly  in  the  case  of  the  motor  nerves 
and  muscles.  The  more  acute  the  process  in  the  nerves,  the  more 
intense  is  the  change  in  the  muscular  tissue.  One  special  point,  indeed, 
arises  in  this  connection.  Although,  in  very  acute  isolated  neuritis, 
the  muscles  may  undergo  the  same  intense  and  destructive  changes 
seen  in  the  most  acute  forms  of  multiple  neuritis,  it  is  possible  that 
the  extreme  changes  in  the  latter  are  sometimes  a  result  and  evidence 
of  a  direct  action  of  tbe  blood-poison  on  the  muscular  tissue  itself.* 
There  are  some  facts  of  both  physiology  and  pathology  which  suggest 
what  may  be  called  a  certain  degree  of  solidarity  of  relation  between 
the  substance  of  the  nerve-endings  and  that  of  the  muscular  fibres  on 
which  they  terminate.  This  may  lead  to  a  common  susceptibility  to 
suffer  from  the  same  morbid  influence,  so  far  less  in  the  muscle  that 
only  when  the  influence  is  very  intense  does  its  nutrition  suffer  directly 
to  a  considerable  extent. 

Diagnosis.— There  are  few  diseases  in  which  an  early  diagnosis  is 
of  greater  importance.  Prompt  treatment  would  save  many  patients 
from  months  of  suffering  and  disability,  since  the  removal  of  the  cause 
ensures  with  certainty,  during  a  gradual  onset,  a  quick  removal  of  the 
symptoms,  whereas  its  effect  on  the  developed  disease  is  manifested 
much  more  slowly.  These  remarks  apply  especially  to  the  alcoholic 
cases,  but  in  some  of  the  others  the  patient  may  be  saved  further 
exposiure  to  the  cause  if  the  disease  is  promptly  recognised,  or  early 

*  This  tug^oation  has  beoii  made  by  Socmerling  as  an  explanation  of  tli«  verv 
tutcuik}  chan^eri  found  iu  the  muscles  in  oue  acute  casflb 
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treatment  of  the  blood-state  may  have  a  considerable  influence  in 
lessening  its  effects  upon  the  nerves  and  ameliorating  the  course  of  the 
a  ffection. 

The  diagnosis  of  multiple  neuritis  depends  on  the  motor  and  sensorj 
symptoms  above  described,  their  correspondence  in  function  and  dis- 
tribation  in  the  opposite  limbs,  their  peculiar  symmetrical  localisation 
in  the  extremities  in  the  first  instance,  and  on  the  tenderness  of  the 
8kin,  nenre-trunks,  and  muscles.  Symmetrical  weakness  of  the  extensor 
muscles  situated  in  the  forearm,  and  of  the  corresponding  muscles  in 
the  lower  leg,  or  of  either  of  these,  is  the  leading  diagnostic  motor  sym- 
ptom. Bilateral  wrist-drop  or  foot-drop  suggests  multiple  neuritis,  and 
hjpereesthesia  or  deep  tenderness  gives  strength  to  the  opinion.  It  is, 
however,  most  important  to  remember  how  widely  the  svmptoms  vary 
both  in  different  forms  and  in  different  cases  of  the  same  form.  The 
acute  rapidly  fatal  cases,  with  palsy  quickly  becoming  general,  are  of  a 
type  quite  unlike  the  chronic  cases  in  which  one  group  of  muscles  on 
each  side  suffers  alone;  while  there  is  a  positive  contrast  between  the 
latter  and  a  case  of  *'pseudo- tabes,"  in  which  ataxy  and  pains  are  almost 
the  only  symptoms.  In  chronic  cases  also  the  early  pains  are  often 
mistaken  for  those  of  rheumatism,  and  in  those  of  acute  course  and  due 
to  cold  these  pains  suggest  the  onset  of  rheumatic  fever  rather  than 
of  any  affection  of  the  nerves.  The  seat  of  the  pains,  however,  is  not 
that  of  rheumatic  pain,  and  their  association  with  tingling  in  the 
extremities  should  excite  a  suspicion  that  they  are  of  nerve  origin 
even  before  muscular  weakness  renders  their  nature  clear.  The  im- 
portance is  great  of  ascertaining  precisely  the  position  of  all  pains  in 
the  limbs.  Neglect  to  do  so  is  a  fertile  source  of  error  in  diagnosis, 
and  may  easily  put  the  observer  on  a  wrong  path,  from  which  other 
symptoms  fail  to  withdraw  him.  It  must  be  again  pointed  out  that 
l^iin  near  a  joint,  produced  by  movement  of  the  joint,  is  easily  mis- 
taken for  pain  in  the  joint,  even  when  it  depends  cctirely  on  tenderness 
of  the  adjacent  nerves.  In  some  cases  the  pain  is  regarded  as 
neuralgic,  especially  when  it  is  seiited  in  the  arms  and  hands,  and 
its  position  is  perceived  to  be  that  of  nerve-trunks  or  branches.  But 
the  general  elements  of  the  diagnosis  between  the  two  diseases  gene- 
rally (described  partly  in  the  section  on  neuritis,  partly  in  that  on 
neuralgia  in  vol.  ii)  usually  suffice  for  the  distinction,  the  most  im- 
portant point  being  the  persistence  of  tenderness  and  hyperaesthesia  in 
relative  excess  of  the  spontaneous  pain,  and  the  development  of  sym- 
ptoms that  indicate  damage  to  the  conducting  fibres.  The  bilateral 
symmetry  of  the  pain  should  also  help  to  prevent  error ;  true  neuralgia 
is  essentially  a  unilateral  disease.  A  gouty  diathesis  may  increase 
the  difficulty  of  the  diagnosis,  especially  in  alcoholic  cases ;  but  the 
pains  of  gout  are  unequivocally  articular  or  muscular,  and  neuritis 
due  to  it  is  single  and  distinctly  adventitial 

The  symptoms  resemble  most  closely  those  of  certain  diseases  of  the 
spinal  cord,  especially  acute  and  subacute  inflammation  of  the  grey 
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matter,  poHo-mjelitis.  Until  receutly,  indeed,  all  casei  of  mullipla 
neuritis  were  looked  upon  as  of  ihat  nature.  It  ia  chiefly  in  tlie  rheu- 
matic and  toxtemic  forms  lliat  the  diagnosis  is  really  difficult.  In  each 
disease  there  may  be  a  febrile  onset,  itiuBcular  wasting  with  ihe  reac- 
tion of  degeneration,  initial  rheumatic  giains,  and  a  tendency  to  the 
spontaneous  recovery  of  the  least  affected  parts.  The  distinction  rests 
on  tlie  eymuietrical  localisation  of  the  neuritic  palsy,  while  that  of 
poLio-Tuyelitia  is  characteristically  random  in  distribution ;  on  tlin 
persistence  and  severity  of  the  neuritic  pains;  on  the  tenderness  of 
the  inflamed  nerve-trunks;  and  on  the  chanf^es in  sensibility.a symptom 
uever  present  in  polio- niyelitis.  The  electrical  reactions  are  the  same 
in  both  affections.  It  has  been  said  the  early  extinction  of  voltaic 
irritability  in  the  muscle  (see  p.  124)  is  met  with  only  in  disease  of 
tile  nerves,  but  this  is  incorrect:  I  have  more  than  once  met  with  it 
in  ceuti-al  affections.  But  we  have  seen  that  it  is  probable  that 
Ihe  nerve-trunks  are  sometimes  inflamed  in  polio-myelitis,  and  suffer 
as  a  simuttaaeouB  effect  of  the  cause  of  the  spinal  legion.  In  this  con- 
dition, however,  the  spinal  symptoms  preponderate,  and  the  distri- 
butioa  of  the  neuritis  is  irregular.  In  all  cases  the  presence  of 
increased  myotatic  irritability,  or  of  the  spasm  in  the  legs  that  accom- 
panies considerable  excess  of  this,  may  be  taken  as  proof  uf  disease  of 
the  cord;  all  active  muscular  spasm,  indeed,  has  tliis  significance. 
I  Thus  if  the  arms  are  paralysed,  even  though  the  paralysis  closely 

resembles  that  of  polyneuritis,  and  the  legs  are  weak,  wilfa  excessive 
knee-jerk  and  foot-clonus,  the  disease  is  of  the  cord,  and  not  of  the 
I  nerves.     The  greatest  difficulty  is  presented  by  some  sensory  cases 

I  in  ivhich   ihere  are  only    tingling  and   numbness  in  the  legs,   and 

1  also   by  the   problem   of  detecting  cord  disease  in  the  presence  of 

L  ]teripheral  neuritis.     The  latter  will  be  considered  further  on.     The 

I  former  is  gcLierally  decided  by  the  presence  or  absence  of  the  knefr- 

I  jerk,  and  bv  the  fact  that  in  peripheral  neuritis  the  sensory  symptoms 

P  are  more  peculiar  and  symmetrical  than  in  cord  disease;  thera  it 

t  tingling  or  Rueestbesia,  for  instance,  in  the  palms  or  soles,  or  botJi, 

I  and  a  careful  examination  of  the  nerves  and  muscles  will  generally 

reveal  a  condition  that  is  characteristic. 

Poohynieningitis,  damaging  the  nerve-roots,  may  cause  paralysis, 

wasting,  and  aneestheain,  but  in  this  all  four  limbs  are  not  affected; 

the  legs  rarely  suffer;  the  aniestheaia  extends  ou  to  the  upper  part 

of  the  Umbs  and  to  the  trunk;  there  is  no  tenderness  of  nerve- 

trunks,  and  there  is  usually  distinct  evidence  of  damage  lo  the  spinal 

cord  itself.      The  mysierious  disease,  "acute  ascending  panilysis," 

may  resemble  the  must  riipid  furm  of  multiple  neuritis,  but  in  it  the 

I  symptoms  ascend  the  trunk  from  the  legs  to  the  arms,  and  do  not 

I  begin  in  the  bands  and  feet  at  the  same  time  or  successively,  and 

I  involve  the  trunk  last,  as  does  the  usual  form  of  multiple  neuritis. 

Moreover  there  is  no  anffisthesia  in  the  spinal  malady.     Dipbtheritia 

p;ira1ysi8,  when  severe  in  degi'ee,  may  also  be  aLtt'nded  by  musvula) 


I 
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waftting  and  anaesthesia,  but  there  is  no  considerahle  pain,  and  the 
veakness  in  the  limljB  usua.lly  succeeds  ptiralTais  of  the  palate  atid 
ciliary  muscle,  never  met  with  in  otber  forms  of  polv neuritis.  The 
ilUtinction  from  other  di^ieases  (ae,  for  iiistiince,  that  from  the  sym- 
metrical paralysiB  of  the  extensora  which  may  occur  at  the  onset  of 
progressive  muscular  atrophy)  will  be  considered  when  these  diseases 
are  described- 

The  diHiinction  of  the  ataxic  form,  "  pseu do- tabes,"  from  true  tabes 
IB  often  beset  with  great  difficulty.  This  is  indeed  natural,  sioce  the 
Ic^iun  in  true  tabes  may  be  identioal  witb  that  in  the  ueuritic  affec- 
tion i  not  only  is  degeneration  of  the  peri|>lieral  nerves  a  common 
lirsion  in  tabes,  having  the  same  distribution  at  the  peripheral  ex- 
tremities o[  the  nerves  as  in  polyneuritis,  but  in  tbe  variety  termed 
"  neuro-tabes  "  the  lesion  consists  only  in  this  nerve- degeneration,  and 
the  spinal  cord  is  free  from  disease.  We  have  then  affections  iden- 
tical in  pathological  anatomy,  and  almost  identical  in  symptoms. 
Yet  we  must  class  the  neuro-tahes  with  the  spinal  form,  from 
which  polyneuritis,  as  here  described,  has  to  be  distinguished;  it 
is  necessiiry  to  do  so  on  account  of  the  reliitions  and  etiology  of  the 
two  maladies,  as  well  as  on  account  of  piiictical  considerations.  The 
presence  of  actual  paralysis,  of  distinct  weakness  of  the  extensors,  in 
addition  to  in co- ordination,  would  of  course  decide  the  question,  since 
Ihere  is  no  actual  loss  of  power  in  tabes  :  hence  a  distinction  in  gait 
point«d  out  by  West[)hal  and  Charcot,  that  in  pseudo-tabes  the  feet 
are  niiaed  too  high  on  account  of  tbe  difficulty  of  getting  the  toes  off 
the  ground  (like  a  person  stepping  over  low  objects),  is  of  little  actual 
value  ;  it  only  exists  when  there  is  distinct  loss  of  power.  But  it  is 
in  the  cases  of  neuritis  in  which  there  are  only  sensory  symptoms 
ihat  the  difficulty  especially  exists.  It  occurs,  moreover,  chiefly 
when  tbe  ataxy  is  moderate  in  degree ;  when  this  is  so  great 
that  tbe  |>atient  is  not  able  to  stand  alone,  in  spite  of  tbe 
power  of  moving  all  joints  of  tbe  legs  with  fair  force,  true  tabes 
shouM  alone  be  thouglit  of.  The  cases  of  tabes  in  which  there  is 
iuod<!rat«  inco-ordination  of  movement,  distinct  unsteadiness  on 
walking,  whether  increased  by  closure  of  the  eyes  or  not,  and  distinct 
irregularity  and  uncertainty  in  the  movement  of  the  feet  and  legs,  are 
those  which  are  perfectly  simulated  by  the  [iseudo-tiilietic  form  of 
polyneuritis.  Pains  are  common  to  tbe  two  diseases,  and  neither  pro- 
longed acut«  pain  nor  dull  rheumatoid  pains  afford  tbe  means  of 
distinction.  True  "  lightning  "  pains  are  seldom  met  with  in  neuritis ; 
they  are  therefore  strong  evidence  that  the  case  is  one  of  tabes. 
Extreme  hyperiesthesia  is  much  more  common  in  neuritis  than  in 
Ub(«.  but  is  of  little  service  in  the  diagnosis  because  it  is  not 
often  present  in  ataxic  polyneuritis,  but  ihe  muscular  tendern-'ss  of 
nenritis  is  of  considerable  diagnostic  value.  A  great  excess  of  the 
reflex  action  from  the  skin  is  occasionally  met  with  in  tabes,  tbe 
•  impressions  being  painlesB;  while  in  ataxic  neuritis  the  refiez 
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matter,  polio-myelitis.  Until  recently,  indeed,  all  case.)  of  multiple 
neuritis  were  looked  upon  as  of  that  nature.  It  is  cbieflj  in  the  rheu- 
matic and  toxsemic  forms  that  the  diagnosis  is  really  difficult.  In  each 
disease  tbere  may  be  a  febrile  onset,  muscular  wasting  with  the  reac- 
tion of  degeneration,  initial  rheumatic  pains,  and  a  tendency  to  the 
spontaneous  recovery  of  the  least  affected  parts.  The  distinction  rests 
on  tbe  symmetrical  localisation  of  the  neuritic  palsy,  while  that  of 
polio- myelitis  is  characteristically  random  in  distribution  ;  on  tbe 
persistence  and  severity  of  the  neuritic  pains ;  on  the  tenderness  of 
tbe  inflamed  nerve-trunks ;  and  on  the  changes  in  sensibility,  a  symptom 
never  present  in  polio- myelitis.  The  electrical  reactions  are  tbe  same 
in  both  affections.  It  has  been  said  the  early  extinction  of  voltaic 
irritability  in  tbe  muscle  (see  p.  124)  is  met  with  only  in  disease  of 
tbe  nerves,  but  tbis  is  incorrect :  I  have  more  tban  once  met  with  it 
in  central  affections.  But  we  have  seen  tbat  it  is  probable  that 
tbe  nerve-trunks  are  sometimes  inflamed  in  polio -myelitis,  and  suffer 
as  a  simultaneous  effect  of  the  cause  of  the  spinal  lesion.  In  this  con- 
dition, however,  the  spinal  symptoms  preponderate,  and  the  distri* 
bution  of  the  neuritis  is  irregular.  In  all  cases  the  presence  of 
increased  myotatic  irritability,  or  of  tbe  spasm  in  tbe  legs  that  accom- 
panies considerable  excess  of  this,  may  be  taken  as  proof  of  disease  of 
the  cord;  all  active  muscular  spasm,  indeed,  has  tbis  significance. 
Tbus  if  the  arms  are  paralysed,  even  though  the  paralysis  closely 
resembles  that  of  polyneuritis,  and  tbe  legs  are  weak,  with  excessive 
knee-jerk  and  foot-clonus,  the  disease  is  of  the  cord,  and  not  of  tbe 
nerves,  llie  greatest  difficulty  is  presented  by  some  sensory  cases 
in  which  there  are  only  tingling  and  numbness  in  the  legs,  and 
also  by  tbe  problem  of  detecting  cord  disease  in  the  presence  of 
peripheral  neuritis.  Tbe  latter  will  be  considered  further  on.  The 
former  is  generally  decided  by  the  presence  or  absence  of  tbe  knee- 
jerk,  and  by  tbe  fact  tbat  in  peripheral  neuritis  the  sensory  symptoms 
are  more  peculiar  and  symmetrical  than  in  cord  disease ;  there  it 
tingling  or  aneesthesia,  for  instance,  in  the  palms  or  soles,  or  both, 
and  a  careful  examination  of  tbe  nerves  and  muscles  will  generally 
reveal  a  condition  tbat  is  characteristic. 

Pachymeningitis,  damaging  the  nerve-roots,  may  cause  paralysis* 
wasting,  and  anaesthesia,  but  in  this  all  four  limbs  are  not  affected; 
tbe  U'gs  rarely  suffer;  tbe  ansesthesia  extends  on  to  tbe  upper  part 
of  tbe  limbs  and  to  tbe  trunk;  there  is  no  tenderness  of  nerve- 
trunks,  and  tbere  is  usually  distinct  evidence  of  damage  to  the  spinal 
cor<i  itself.  Tbe  mysterious  disease,  "acute  ascending  paralysis,** 
may  resemble  the  most  rapid  form  of  multiple  neuritis,  but  in  it  the 
symptoms  ascend  the  trunk  from  the  legs  to  the  arms,  and  do  not 
begin  in  the  bands  and  feet  at  tbe  same  time  or  successively,  and 
involve  tbe  trunk  last,  as  does  the  usual  form  of  multiple  neuritis. 
Moreover  tbere  is  no  anocstbesia  in  tbe  spinal  malady.  Diphtheritio 
paralysis,  wbcn  severe  in  degree,  may  also  be  attended  by  musculai 
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wasting  and  anesthesia,  but  there  is  no  considerable  pain,  and  the 
weakness  in  the  limbs  nsuallj  succeeds  paralysis  of  the  palate  and 
ciliary  muscle,  never  met  with  in  other  forms  of  polyneuritis.  The 
distinction  from  other  diseases  (as,  for  instance,  that  from  the  sym- 
metrical paralysis  of  the  extensors  which  may  occur  at  the  onset  of 
progressive  muscular  atrophy)  will  be  considered  when  these  diseases 
are  described. 

The  distinction  of  the  ataxic  form, "  pseudo- tabes,"  from  true  tabes 
is  often  beset  with  great  difficulty.  This  is  indeed  natural,  since  the 
lesion  in  true  tabes  may  be  identical  with  that  in  the  neuritic  affec- 
tion ;  not  only  is  degeneration  of  the  peripheral  nerves  a  common 
lesion  in  tabes,  having  the  same  distribution  at  the  peripheral  ex- 
tremities of  the  nerves  as  in  polyneuritis,  but  in  the  variety  termed 
**  neuro-tabes  "  the  lesion  consists  only  in  this  nerve-degeneration,  and 
the  spinal  cord  is  free  from  disease.  We  have  then  affections  iden- 
tical in  pathological  anatomy,  and  almost  identical  in  symptoms. 
Yet  we  must  class  the  neuro- tabes  with  the  spinal  form,  from 
which  polyneuritis,  as  here  described,  has  to  be  distinguished;  it 
is  necessjiry  to  do  so  on  account  of  the  relations  and  etiology  of  the 
two  maladies,  as  well  as  on  account  of  practical  considerations.  The 
presence  of  actual  paralysis,  of  distinct  weakness  of  the  extensors,  in 
addition  to  inco- ordination,  would  of  course  decide  the  question,  since 
there  is  no  actual  loss  of  power  in  tabes  :  hence  a  distinction  in  gait 
pointed  out  by  Westphal  and  Charcot,  that  in  pseudo-tabes  the  feet 
are  raised  too  high  on  account  of  tbe  difficulty  of  getting  the  toes  off 
the  ground  (like  a  person  stepping  over  low  objects),  is  of  little  actual 
value ;  it  only  exists  when  there  is  distinct  loss  of  power.  But  it  is 
in  the  cases  of  neuritis  in  which  there  are  only  sensory  symptoms 
that  the  difficulty  especially  exists.  It  occurs,  moreover,  chiefly 
when  the  ataxy  is  moderate  in  degree ;  when  this  is  so  great 
that  the  patient  is  not  able  to  stand  alone,  in  spite  of  the 
power  of  moving  all  joints  of  the  legs  with  fair  force,  true  tabes 
should  alone  be  thought  of.  The  cases  of  tabes  in  which  there  is 
moderate  inco-ordination  of  movement,  distinct  unsteadiness  on 
walking,  whether  increased  by  closure  of  the  eyes  or  not,  and  distinct 
irregularity  and  uncertainty  in  the  movement  of  the  feet  and  legs,  are 
those  which  are  perfectly  simulated  by  the  pseudo-tabetic  form  of 
polyneuritis.  Pains  are  common  to  the  two  diseases,  and  neither  pro- 
longed acute  pain  nor  dull  rheumatoid  pains  afford  the  means  of 
distinction.  True  "  lightning  "  pains  are  seldom  met  with  in  neuritis ; 
they  are  therefore  strong  evidence  that  the  case  is  one  of  tabes. 
Extreme  hypereesthesia  is  much  more  common  in  neuritis  than  in 
tabes,  but  is  of  little  service  in  the  diagnosis  because  it  is  not 
often  present  in  ataxic  polyneuritis,  but  the  muscular  tenderness  of 
neuritis  is  of  considerable  diagnostic  value.  A  great  excess  of  the 
reflex  action  from  the  skin  is  occasionally  met  with  in  tabes,  the 
sensory  impressions  being  painless ;  while  in  ataxic  neuritis  the  reflex 
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action  is  seldom  excessive,  and  is  generally  diminished,  while  thesensorj 
impression  is  commonly  painful  from  the  hjpersBsthesia.  Some  other 
symptoms  are  also  of  value  as  indications  of  tabes  rather  than  neuritis, 
— an  affection  of  the  sphincters ;  a  sense  of  constriction  round  tha 
trunk  (which  may  be  felt  over  a  wide  area  as  a  band  rather  than  as  a 
cord)  ;  and  lastly  (but  amonf?  the  first  in  importance),  the  reflex  action 
of  the  pupil  to  light  is  often  lost ;  scarcely  ever  in  neuritis.  Since  it  may 
be  normal  in  tabes,  its  loss  is  of  more  significance  than  its  presence,  but 
the  cases  of  tabes  in  which  it  is  preserved  form  only  a  small  minority, 
so  that  its  preservation  is  often  at  least  corroborative  evidence  that 
the  case  is  one  of  polyneuritis.  Mental  change  is  of  little  value  in  the 
diagnosis,  unless  it  is  in  the  form  of  definite  delirium  ;  but  the  less 
common  symptoms  of  tabes,  if  present,  often  afford  proof  of  the 
nature  of  the  malady,  although  generally  in  association  with  other 
symptoms  rather  than  by  themselves.  Optic  nerve  atrophy,  for 
instance,  is  almost  unknown  in  the  neuritic  '*  pseudo-tabes,"  and  so 
also  are  the  various  "  crises :  "  care  must  be  taken  not  to  confound 
the  vomiting  of  alcoholic  gastric  disturbance  with  the  gastric  crises  of 
tabes.  The  trophic  changes  differ  in  the  two,  the  tabetic  enlargement 
of  the  bones  and  disease  of  the  joints  are  unknown  in  neuritis  ;  and 
so,  in  the  former  affection,  are  the  simple  arthritic  adhesions  and  the 
'*  glossy  skin "  of  the  latter.  If  all  the  symptoms  are  considered 
separately  for  their  individual  value,  and  conjointly  for  their  asso- 
ciated significance,  it  is  not  often  that  the  observer  will  remain  in 
doubt. 

One  other  special  dia^rnosis  should  be  mentioned,  that  for  hysterical 
palsy.  This  occurs  chiefly  in  women  when  the  symptoms  are  motor 
and  are  in  the  legs.  When  in  the  arms,  the  characteristic  situation 
of  the  palsy  usually  attracts  attention  and  prevents  error.  A  defect  in 
the  power  of  extension  of  the  wrist  has  probably  never  been  met 
with  as  a.  consequence  of  hysteria.  Slight  ataxy  may,  however,  be 
purely  functional  in  nature,  but  the  knee-jerk  is  not  lost,  and  if  there 
is  aneesthesia  it  is  much  more  extensive  in  the  functional  affec- 
tion. 

It  is  of  great  importance  to  know  whether  the  spinal  cord  is  suffer- 
ing as  well  as  the  nerves.  The  following  symptoms  are  those  that 
are  the  most  common  and  important  evidence  of  this  complication: — 
(1)  Any  impairment  of  the  functions  of  the  bladder  or  rectum — in- 
continence of  faeces,  retention  or  incontinence  of  urine.  It  is  not, 
indeed,  improbable  that  their  impairment  may  form  part  of  the  most 
intense  form  of  polyneuritis  ;  but  it  is  not  part  of  the  ordinary  pheno- 
mena of  the  disease ;  hence,  in  such  cases,  these  symptoms  suggest 
that  the  disease  involves  the  cord  as  well  as  the  nerves.  It  is  impor- 
tant to  remember  that  when  there  is  mental  change,  evacuations  into 
the  bed  are  frequently  without  significance  as  to  the  state  of  the 
sphincters,  and  are  due  solely  to  the  inertia  of  the  mind.  This  is  a 
tortile  source  of  error.     (2)  A  distinct  sense  of  constriction^  *'  girdle- 
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fain,"  referred  to  anj  part  of  tbe  trunk,  probably  always  oonstitutea 
proof  of  damage  to  the  cord.  Of  the  same  significance  is  sharp  pain 
radiating  around  the  trunk  at  a  definite  level  and  not  elsewhere.  (8) 
An  important  distinction  in  alcoholic  cases  is  an  unusual  distribution 
of  tbe  affection,  s.  g,  complete  paralysis  of  all  parts  of  tbe  legs,  or 
weakness  of  the  muscles  above  the  knee,  and  not  of  those  below.  Im- 
pairment of  sensation  up  to  a  certain  level  on  the  legs  or  trunk  has 
the  same  significance ;  disease  of  the  nerves  does  not  involve  those  of 
sensation  up  to  a  definite  level.  Bedsores  also  increase  the  proba- 
bility that  the  cord  is  affected. 

If  a  case  is  recognised  as  one  of  multiple  neuritis  there  remains 
the  question,  what  is  its  cause  ?  In  many  cases  this  question  does 
not  arise,  because  tbe  cause  is  obtrusive,  and  has  been  recognised  as 
one  of  the  elements  of  the  diagnosis ;  but  in  other  cases  the  cause 
is  not  clear,  the  diagnosis  has  been  made  independently  of  it,  and  it 
remains  to  be  discovered.  For  the  most  part  it  is  only  necessary  to 
know  the  various  causes  in  order  to  determine  which  is  effective  in 
the  patient  under  observation,  because  one  or  another  of  them  is  to  be 
discovered  without  difficulty,  and  the  rest  are  absent.  It  may  be 
useful,  however,  to  remember  that,  as  a  rule,  in  chronic  metallic 
poisoning  the  arms  suffer  before  the  legs,  and  that  in  lead 
poisoning  the  acute  paralysis  is  limited  to  the  arms;  in  arsenical 
poisoning  the  affection  of  the  arms  is  soon  followed  by  that  of  the 
legs,  while  in  alcoholic  cases  the  legs  generally  suffer  first.  In  a 
case  in  which  arms  and  legs  are  affected  simultaneously  metallic 
poisoning  would  be  a  very  unlikely  cause.  An  initial  affection  of  the 
proximal  parts  of  the  limbs  at  the  same  time  as  the  distal  parts  sug- 
gests some  other  cause  than  alcohol,  especially  cold  or  toxsemia. 
Early  affection  of  the  muscles  of  the  trunk  or  of  the  bulbar  nerves 
has  the  same  significance,  and  so  also  has  severe  constitutional 
disturbance  at  the  outset.  It  must  be  also  remembered,  however, 
that  aJcohohsm  often  co-operates  with  other  causes,  especially  with 
cold ;  and  it  must  also  be  remembered  that  the  inquiry  needs  to  be 
exhaustive  before  the  influence  of  alcohol  can  be  excluded.  This  is 
especially  true  in  the  case  of  females,  who  often  obstinately  deny  that 
which  would  bring  shame  upon  them.  Exposure  to  cold  has  gene- 
rally been  severe ;  and  if  it  has  not,  the  co-operation  of  alcohol  is  ex- 
tremely probable.  Neuralgic  pains  of  irregular  distribution  in  addi- 
tion to  the  symptoms  of  polyneuritis  should  suggest  diabetes  as  a 
cause,  but  the  examination  of  the  urine  for  sug^r  should  never  be 
omitted.  When  polyneuritis  is  due  to  septicsemia  this  cause  may  be 
suggested  by  the  fact  that  the  patient  is  under  treatment  for  some 
surgical  ailment ;  while  in  all  cases  of  obscure  origin  inquiry  should 
be  made  for  any  acute  specific  disease  to  which  the  neuritis  is  known 
to  be  secondary,  and  the  fact  should  be  remembered  that  a  consider- 
able interval  may  separate  the  two.  Some  form  of  toxaemia  is  always 
suggested  by  the  fact  that  the  onset  of  the  neuritis  is  associated  with 


144  MULTIPLE    NKURITIS. 

such  pyrexia  and  constitutional  disturbance  as  indicate  an  acute' 
morbid  blood -state.  But  this  diagnosis  often  rests  chiefly  on  the 
exclusion  of  other  causes ;  if  these  are  absent  the  fact  that  neuritis  is 
known  to  result  from  obscure  blood-poisons  may  be  allowed  weight, 
especially  if  the  symptoms  begin  in  the  legs  or  in  all  parts  of  the 
limbs  simultaneously,  and  do  not  affect  exclusively  at  first  the  extensors 
of  the  extremities.  Sensory  symptoms  in  these  cases  at  the  early 
stage  often  take  the  form  of  tingling  and  "  numbness/*  and  the  pains 
so  cbaracteiistic  of  the  alcoholic  form  are  frequently  absent,  or  are 
represented  only  by  dull  aching.  In  slight  cases  of  this  type  sensa- 
tions of  numbness  and  *'pins  and  needles"  in  the  legs,  with  readiness 
of  fatigue  and  loss  of  the  knee-jerk,  may  be  the  only  symptoms. 
The  facts  that  the  nature  of  toxeemic  causes  is  to  a  large  extent  un- 
known, and  that  the  poison  may  probably  be  acquired  from  without, 
make  it  necessary  to  be  prepared  to  find  this  cause  of  multiple  neuritis 
under  almost  any  circumstances.  Hesidence  abroad  should  suggest 
an  inquiry  for  exposure  to  malarial  influences.  The  possible  signifi- 
cance of  tubercle  as  a  cause  should  lead  to  a  careful  examination  of 
the  lungs;  but  the  possibility  that  phthisis  may  be  an  effect,  and  not 
a  cause,  of  multiple  neuritis,  must  be  borne  in  mind. 

Proqnosis. — The  danger  to  life  is  in  proportion  to  the  acuteness 
of  the  malady,  to  its  severity  as  measured  by  the  extent  of  the  para- 
lysis, and  to  the  degree  in  which  the  strength  of  the  patient  is 
impaired  by  other  maladies,  or  by  the  cause  of  the  neuritis.  It  is 
important  also  to  remember  that  when  the  affection  has  increased  up  to 
the  time  that  the  patient  comes  under  treatment,  it  generally  does  not 
respond  immediately  to  the  arrest  of  its  cause,  such  as  the  withdrawal 
of  alcohol,  but  continues  to  increase  for  two  or  three  weeks.  It  is 
this  temporary  progressive  tendency  that  constitutes  the  graver 
element  in  the  disease,  and  must  be  taken  into  account  in  every 
initial  prognosis.  Hence  the  forecast  must  be  guarded  in  all  cases 
that  are  severe  when  the  patient  comes  under  treatment,  and  most 
so  if  there  has  been  a  rapid  increase  in  symptoms  that  had  existed  for 
a  long  time  in  slight  degree.  If  the  extensors  of  hands  and  feet  are 
powerless,  and  the  muscles  connecting  the  limb  with  the  trunk  are 
distinctly  enfeebled,  unless  the  disease  has  clearly  begun  to  lessen, 
there  is  danger  that  a  further  extension  may  involve  the  muscles 
of  respiration ;  this  is  especially  great  when  the  muscles  moTing 
the  shoulder  are  considerably  weakened.  It  obviously  follows  that 
the  danger  is  still  greater  if  the  muscles  of  the  trunk,  and  especially 
of  the  (^hest,  have  already  given  evidence  of  changes  in  their  nerves. 
Pain  in  the  trunk  of  the  same  character  as  that  in  the  limbs  is  also 
a  grave  symptom  if  the  motor  power  of  the  limbs  has  become  small* 
or  the  case  is  one  unusually  general  in  its  distribution^  because 
where  the  sensory  fibres  are  suffering  the  motor  fibres  axe  in  danger 
also.  Paralysis  of  the  diaphragm  adds  consideraUj  to  tbe  danger* 
and  its  power  should  be  carefully  watched  in  the  tn^wTi^  imd  with 
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the  precautions  mentioned  in  the  account  of  its  paralysis  (p.  27). 
It  inaj  become  paralysed  withoat  the  fact  coming  to  the  conscious- 
ness of  a  patient  lying  quietly  in  bed»  but  a  slight  weakness  of  the 
intercostals  will  then  cause  considerable  difficulty  of  breathing  and 
an  accumulation  of  mucus  in  the  lungs,  a  condition  predisposing  to 
definite  bronchitis,  by  which  the  patient  may  be  quickly  suffocated. 
The  importance  of  this  point  is  great,  since  respiratory  palsy  is  one  of 
the  most  common  immediate  causes  of  death.  It  is  probable  also 
that  deficient  breathing  power  is  one  of  the  causes,  perhaps  even  the 
chief  cause,  that  leads  to  the  development  of  the  chronic  phthisical 
lung  disease  that  comes  on  in  so  many  prolonged  cases.  Especially 
important,  also,  is  any  indication  that  the  nerves  of  the  heart  are 
suffering.  In  an  acute  increase  due  to  continued  use  of  alcohol,  the 
vagus  sometimes  suffers  severely  before  other  nerves,  and  increasing 
frequency  of  the  pulse  is  then  of  most  serious  significance.  The 
prognosis  should  be  guided  by  the  motor  rather  than  by  the  sensory 
symptoms.  The  latter  maj  improve  while  the  former  increase,  with- 
out lessening  the  gravity  of  the  latter  indication.  Persistent  oedema 
is  of  bad  omen,  and  so  also  are  other  indications  of  considerable 
blood-change. 

When  once  the  malady  has  become  stationary,  and  its  cause  has 
definitely  ceased,  the  danger  to  life  is  small,  except  in  severe  cases, 
in  which  the  pains  are  intense,  the  patient  helpless,  or  the  heart  is 
feeble,  and  the  pulse  persistently  frequent,  or  there  are  signs  of  lung 
disease.  In  these,  as  in  all  cases,  moreover,  the  danger  is  much 
increased  by  any  indication  that  the  spinal  cord  is  involved.  The 
tendency  to  recovery  is  far  less  in  the  cord  than  in  the  nerves ;  and 
retention  of  urine  (with  all  its  secondary  consequences),  bedsores,  Ac., 
are  prone  to  occur,  and  to  involve  their  own  danger  even  if  the 
disease  in  the  cord  does  not  increase.  The  prognosis  as  regards 
life  in  cases  of  moderate  severity  depends,  indeed,  as  much  on  com- 
plications as  on  the  state  of  the  nerves.  Signs  of  chronic  cerebral 
meningitis,  of  degeneration  of  the  walls  of  the  heart,  of  disease  of 
the  liver  and  of  the  kidneys,  also  lessen  the  prospect  of  escape  with 
life. 

The  danger  is,  however,  greatest,  and  the  mortality  highest  in  the 
acute  cases  that  are  due  to  some  toxsemic  state  or  to  cold,  and  it  must 
be  estimated  by  the  rapidity  with  which  the  paralysis  develops  and 
spreads.  Whenever  it  becomes  considerable  in  a  few  days,  the  danger 
of  early  extension  to  the  mechanism  for  resjdration  is  very  great.  In 
these  cases,  also,  pneumonia  frequently  occurs,  concomitant  with  the 
earlj  symptoms,  and  few  cases  thus  complicated  recover. 

In  cases  that  are  not  fatal,  the  full  development  of  the  symptoms  is 
followed  by  a  stationary  period  which  lasts  for  one  or  two  months 
before  improvement  begins,  and  for  this  the  patient  or  friends  should 
be  prepared*  The  course  of  restoration  is  always  extremely  slow ;  the 
muscles  least  affected  regaiin  power  in  from  two  to  four  months,  but 
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it  IB  usually  six  months  or  more  from  the  onset  of  improvement  before 
the  extensors  are  fairly  strong,  if  their  palsy  was  considerable  or  com- 
plete. The  intrinsic  muscles  of  the  hand  are  still  longer  in  recovery. 
The  improvement  in  the  nutrition  of  the  muscles  follows  that  in 
their  power,  so  that  they  remain  smaller  than  normal,  long  after 
they  have  regained  strength.  It  may  indeed  be  years  before  the 
muscles  whose  size  can  be  well  seen,  such  as  the  abductor  indieis, 
are  of  normal  size.  It  is  seldom  that  any  permanent  weakness  is 
left  unless  the  spinal  cord  is  diseased,  and  when  a  patient  is  distinctly 
improving  a  good  ultimate  prognosis  may  be  given,  provided  there  are 
no  complications  to  interfere  with  it.  In  no  case  with  distinct  spinal 
symptoms  can  we  feel  confident  that  restoration  of  power  will  be 
complete ;  and  in  cases  in  which  there  are  indications  of  considerable 
damage  to  the  cord,  it  is  almost  certain  that  some  lasting  weakness 
will  be  left. 

The  electric  irritability  of  the  muscles  and  nerves  may  be  ex2)ected 
to  return  to  the  normal  more  slowly  than  their  capacity  of  response  to 
the  will,  but  sooner  than  their  nutrition.  The  conditions  that  are 
observed  in  these  cases  are  the  same  as  in  the  isolated  form  of 
neuritis,  in  which,  although  the  primary  change  is  in  the  connective 
tissue,  the  symptoms  depend  on  the  secondary  changes  in  the  nerve- 
fibres.  Hence  the  statements  made  on  p.  69  are  equally  applicable  to 
multiple  neuritis.  The  reactions  often  famish  important  infor- 
mation, especially  soon  after  the  onset ;  the  more  the  irritability 
deviates  from  the  normal  the  greater  will  be  the  subsequent  wasting 
and  the  longer  the  duration  of  the  palsy.  When  some  faradic  irrita- 
bility returns  in  both  nerve  and  muscle,  it  may  be  regarded  as 
a  sure  indication  of  advancing  restoration  of  structure,  which  is  certain 
to  involve  a  progressive  increase  of  conduction  of  voluntary  impulse, 
and  response  to  it.  If  the  trunk  nerves  are  not  involved,  the  prog- 
nosis in  severe  cases  is  a  little  better  when  the  arms  are  chiefly 
affected  than  when  the  legs  have  suffered  most. 

The  sensory  disturbance  may  be  expected  to  follow  a  coarse,  on  the 
whole,  similar  to  that  of  the  motor  symptoms.  A  diminution  in  the 
spontaneous  pain  may  be  anticipated  sooner  than  in  the  tenderness  of 
the  nerves  and  muscles,  which  usually  lasts,  in  lessening  degree,  until 
the  muscles  have  regained  some  power.  The  extreme  tenderness, 
indeed,  passes  away  with  the  spontaneous  pain,  but  some  degree  of 
over-sensitiveness  continues  for  a  long  time.  Happily  the  tendency 
to  persistent  neuralgia,  seen  after  the  isolated  form,  need  not  be  antici- 
pated after  multiple  neuritis.  We  find  the  explanation  of  this  in 
the  absence  of  the  new  formation  of  connective  tissue  from  the 
inflammatory  products,  which  in  the  isolated  form  perpetuate,  by  cica- 
tricial contraction,  the  irritation  to  which  inflammation  gave  rise. 

There  is  little  difference  in  the  prognosis  as  regards  recovery,  in 
the  different  forms  of  neuritis.  The  anticipations  that  may  be  formed 
are  governed  in  all  by  the  rules  just  mentioned,  and  the  risk  to  life 
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has  Leen  already  considered.  In  all,  however,  it  may  be  repeated 
the  extent  to  which  the  cause  is  under  cobtrol  fomis  an  essential 
element  in  the  problem,  and  must  influence  the  conclusion  in  every 
ease.  The  prognosis,  however,  is  better  in  the  sensory  than  in  the 
motor  form,  better  when  the  arms  escape  than  when  all  the  limbs  are 
involved,  and  better  in  cases  of  chronic  than  of  acute  onset,  and 
better  if  an  apparently  acute  onset  is  really  such  than  if  it  succeeds 
slight  symptoms  of  longer  duration.  When  the  malady  follows  an 
acute  specific  disease,  the  severity  of  the  latter  is  no  guide  to  the 
course  of  its  sequel ;  severe  neuritis  may  follow  a  mild  attack  of  the 
acute  specific. 

Treatment. — Tbe  different  classes  of  multiple  neuritis  here  con- 
sidered need  treatment  that  in  some  respects  varies,  and  in  others  is  the 
same  in  all  forms.  In  all  it  is  essential  to  discover,  if  possible,  the 
cause  of  the  neuritis,  and  to  remove  it  or  arrest  the  continuance  of  its 
action.  This  obviously  should  be  the  first  consideration  in  cases  due 
to  alcohol,  in  which  it  is  sometimes  of  great  difficulty.  It  is  desirable, 
as  a  rule,  that  alcohol  in  all  forms  should  be  given  up  entirely,  but  often 
ibis  has  to  be  done  by  degrees,  a  great  reduction  in  amount  preceding 
entire  abstinence  from  it.  With  patients  who  are  "  their  own  masters  " 
the  reduction  is  often  most  difficult  to  secure,  and  it  is  necessary 
to  give  a  warning  that  not  only  will  life  be  in  danger,  but  that  the 
pains  will  certainly  increase,  and  continued  indulgence  will  entail 
sufferings  so  great  that  any  sacrifice  would  be  made,  or  depri- 
vation endured,  if  their  intensity  could  be  realised.  With  every 
female  drinker,  deception  should  be  considered  not  only  possible  but 
probable  ;  those  who  are  under  the  control  of  relations  or  of  a  husband, 
have  generally  had  a  long  training  in  duplicity  in  order  to  procure 
stimulants,  and  it  is  easy  for  them  to  continue  it,  even  when  kept  in 
bed,  if  they  are  attended  by  their  own  servants.  These  are  corrupted, 
and  alcohol  is  taken  in  secret  when  the  fact  is  being  stoutly  denied. 
If  a  case  does  not  present  the  arrest  or  improvement  that  might 
reasonably  be  expected  from  the  withdrawal  of  the  cause,  such  con- 
tinued drinking  should  always  be  suspected.  Hence  it  is  of  great 
importance  that  such  patients  should  be,  whenever  practicable,  under 
the  immediate  care  of  trustworthy  trained  nurses,  rather  than  of  their 
own  servants  or  of  relatives  who  may  be  improperly  influenced  or 
persuaded ;  if  the  patient's  means  do  not  permit  this,  removal  to  a 
hospital  or  some  public  institution  is  desirable.  When  the  heart  is 
too  weak  to  permit  the  entire  withdrawal  of  stimulants,  the  amount 
taken  must  be  regulated  solely  by  the  state  of  the  pulse.  In  such  cases 
total  abstinence  is  attended  with  some  danger  of  the  cardiac  failure 
which  has  been  mentioned  as  one  of  the  causes  of  death.  When  the 
disease  is  due  to  cold,  the  patient  should  be  carefully  preserved  from 
risk  of  further  exposure,  which,  during  the  early  stages,  may  convert 
a  slight  into  a  severe  attack.  Even  in  alcoholic  cases,  a  chill  will  cause 
a  rapid  increase  in  the  symptoms,  and  both  this  and  fatigue  should 
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be  carefully  guarded  against.  In  other  forms,  also,  tbese  measures, 
adopted  in  the  stage  when  paius  and  tenderness  are  the  only  or  (hief 
symptoms,  would  often  prevent  the  further  development  of  the  disease. 

Pbyhical  rest  is  of  great  importance,  and  in  all  cases,  except  the 
sh'ghtest,  rest  in   bed   is  desirable.     The  excitation  of   the    nerves 
caused  by  movement  tends  to  intensify  the  morbid  process  in  them, 
and  so  does  whatever  produces  pain.     If  the  patient  is  in  l>ed,  lot-al 
treatment  can  be  more  readily  employed,  and  the  restraint  facilitates 
the  necessary   control  over  habits.     The  feeding   of  the    patient  is 
an  important  part  of  treatment,  esj)ecialiy  when  the  stomach  has  been 
deranged  by  alcohol.     At  the  outset,  warm  fomentations  should  Ite 
applied  over  any  tender  nerves.     Care  must  be    taken  in  their  use 
over  the  region  supplied  by   the  affected  nerves,  on  account  of  the 
danger  of  vesication  ;    troublesome  ulcers  may  be  caused   by   even 
moderate  degrees  of  heat,  as  in  the  case  mentioned  on  p.  62.     Such 
applications,    and    also    counter-irritants,   have   less    effect    in   the 
parenchymatous  forms  than  when  there  is  a  tendency  for  the  connec- 
tive tissue  and  sheath  to  suffer,  and  for  their  vessels  to  be  involved 
in  the  process.     A  warm  bath,  for  fifteen  or  twenty  minutes  daily,  is 
often  of  service  if  the  patient  is  able  to  bear  the  necessary    pro- 
cedures. 

Care  should  be  taken  that  the  patient  does  not  habituallv  assume  a 
posture  that  will  promote  the  occurrence  of  deformiti<  i.  The  drop- 
ping of  the  feet  is  the  greatest  danger,  and  should  be  prevented  by  a 
large  and  heavy  sand-bag  about  nine  inches  in  diameter,  which  may 
be  adapted  to  the  position  of  the  feet,  or  by  a  board  placed  across  the 
bed.  Another  danger  is  the  habitual  flexion  of  the  knees,  permitting 
a  contraction  of  the  hamstring  muscles,  and  due  to  the  discomfort 
that  is  caused  by  extension  of  the  knees ;  this  should,  however,  he 
insisted  on  because  the  initial  discomfort  soon  passes  away  if 
extension  is  adopU^d  from  the  outset.  The  extension  of  the  knees 
involves  that  of  the  hip-joint,  and  prevents  contraction  of  its  flexors. 

No  drug  has  any  very  marked  influence  on  the  morbid  procesg.  It 
has  been  seen  that  multiple  neuritis  tends  to  lessen  after  its  cause  has 
ceased  to  act,  and  under  such  conditions  it  is  easy  to  come  to  the  con- 
clusion that  drugs  do  good  which  merely  do  not  hinder.  Mercury, 
which  is  certainly  useful  in  isolated  perineuritis,  has  little  influence 
on  the  parenchymatous  form,  but  it  may  be  tried  in  any  case  in 
which  it  seems  probable  that  the  sheaths  are  primarily  affected,  and 
in  which  pain  and  tenderness  of  the  larger  nerve-trunks  is  a  pro- 
minent symptom.  During  an  acute  febrile  onset  the  treatment 
should  be  that  adapted  to  the  general  state,  and  must  differ  aooording 
to  it:4  cause.  In  such  an  onset  of  an  alcohol io  neuritis^  citrate  of 
potash,  nitrous  ether,  and  compound  tincture  of  cinchona  are  suitable, 
with  a  little  digitalis  if  there  is  feebleness  of  the  pulse.  When  doe 
to  cold,  salicylate  of  soda  may  be  given,  or»  if  the  attack  lias  been 
predibposed  to  by  alcohol,  salicylate  of  potash  maj  be  sobatituted  so 
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as  to  avoid  the  retention  of  uric  acid  in  the  system  by  the  soda.  The 
probability  of  a  gouty  state  of  the  system  should  be  remembered  in 
all  cases  iu  which  there  is  a  history  of  alcoholism.  In  the  toxsemic 
forms  in  which  there  is  a  suspicion  of  a  blood-state  allied  to  that  of 
septicsemia,  no  dru<^  affords  such  a  prospect  of  influence  as  the  tinc- 
ture of  the  perchloride  of  iron  in  full  doses,  20 — 80  minims  three  or 
four  times  a  day.  Afterwards,  when  the  actual  onset  is  over,  and 
from  the  first  in  the  more  chronic  cases,  tonics  answer  best — iron, 
quinine,  or  small  doses  of  strychnine.  Iodide  of  potassium,  for  some 
reason,  seems  to  dd  good  only  in  the  chronic  sensory  form.  In  this 
also  arsenic  has  been  found  useful,  but  arsenic  should  be  given  with 
caution,  and  in  small  doses ;  there  is  some  danger  that  large  doses 
may  intensify  the  malady,  since  polyneuritis  is  one  of  the  effects  of 
chronic  poisoning  by  arsenic,  and  has  actually  been  produced  by  the 
medicinal  use  of  the  metal.  Cod-liver  oil  is  useful  in  the  later  stages, 
espt'cially  if  there  is  impairment  of  general  nutrition.  In  alcoholic 
cases,  the  addition  of  cocaine,  iV  ^  «  grain  to  each  dose  of  whatever 
is  taken,  aids  in  lessening  the  craving  for  stimulant.  When  due  to 
malarial  poisoning,  quinine  may  be  given  freely.  The  conip1ic;itions 
of  multiple  neuritis  do  not  need  other  treatment  than  that  suitable  to 
them  when  they  occur  alone,  nor  do  they  indicate  any  special  modi- 
fication in  the  treatment  of  the  disease  of  the  nerves. 

In  most  cases  the  pain  is  such  as  to  render  anodynes  necessary. 
Of  these,  morj>hia,  by  hypodermic  injection,  is  the  most  effective,  but 
should  be  employed  only  as  a  last  resource,  and  so  regarded,  will  not 
often  be  found  necessary.  Its  danger  is  the  readiness  with  which 
those  persons  who  were  previously  alcoholic  become  habituated  to  it. 
It  may  be  given  by  the  mouth  with  less  risk,  hut  in  other  drugs  we 
may  find  a  substitute  that  is  effective  in  most  cases.  Injections  of 
cocaine  lieneath  the  skin  over  the  seat  of  ]>ain  often  afford  consider- 
able relief,  and  cocaine  may  thus  bo  given  instead  of  by  the  mouth, 
securing  the  double  object  of  lessening  at  once  the  local  pain  and 
the  craving  for  stimulant — which  is  relieved  almost  as  (effectually 
when  cocaine  is  given  by  the  skin  as  by  the  mouth.  Atropine  may 
also  l»e  given  hypodermically.  In  antipyrine  and  acetanilide  we  have 
drugs  of  another  nature,  that  often  give  great  relief  to  spontaneous 
pain.  Indian  hemp  may  also  be  given  regularly  without  hirm,  and 
without  interfering  with  the  occasional  administration  of  other  ano- 
dynes; while  to  procure  sleep,  if  pain  is  slight,  reliance  may  be  plac^'d 
on  bromide,  sulphonal,  or  chloralauiide.  Antipyrine  also  often  gives 
a  |>atieut  a  good  night  in  spite  of  some  pain.  When  there  is  mental 
excitement,  hyosciue  is  useful,  especially  by  hypodermic  injection  in 
doses  of  ^^  to  Yhf  o^  ^  grain. 

The  application  of  electricity  to  the  paralysed  muscles  is  important 
in  order  to  maintain  their  nutrition  in  as  good  a  state  as  possible 
during  the  process  of  recovery  of  the  nerres.  Only  voltaism  has  the 
power  of  doing  this,  and  should  be  applied  daily,  large  sponge-holders 
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being  employed  so  that  the  current  maj  reach  as  mach  muscular 
tissue  as  possible;  only  such  a  strength  should  be  employed  as  will 
produce  yisible  contraction  and  cause  no  after-pain.  Voluntary 
muscular  action  constitutes  a  more  effective  stimulus  to  nutrition ; 
but  if,  although  the  muscle  can  be  put  in  action  by  the  will,  there  is 
loss  or  great  diminution  of  faradic  irritability,  or  an  excess  of  yoltaio 
irritability  shows  that  some  fibres  are  in  an  abnormal  state  in  conse- 
quence of  the  degeneration  of  their  nenres,  voltaism  may  still  be 
applied  with  advantage.  There  is  no  eTidence  that  the  application  of 
electricity  to  the  nerves  has  any  influence  on  their  regeneration. 
Slij^bt  sensory  loss  is  sometimes  lessened  in  the  chronic  stage  by  the 
application  of  faradism  by  the  wire  brush. 

The  tender  limbs  may  be  wrapped  in  cotton-wool,  with  or  without 
a  covering  of  oiled  silk  Massage  is  of  service  in  the  later  stages  of 
the  disorder,  for  its  influence  on  the  nutrition  and  circulation  in  the 
affected  limbs.  An  upward  movement  of  the  pressing  hand  helps  the 
circulation  of  fluid  in  the  vessels  and  in  the  tissues.  It  cannot  be 
borne  during  the  acutely  painful  stage,  and,  indeed,  as  long  as  it  gives 
pain,  it  probably  has  more  capacity  for  harm  than  for  good.  In 
the  later  stages  it  helps  to  overcome  the  contracture  of  the  muscles, 
which  should  be  gently  extended  at  the  same  time  as  they  are  rubbed, 
— pressure,  for  instance,  being  made  upon  the  ball  of  the  foot  at  the 
samo  time  as  the  calf  muscles  are  rubbed. 

The  very  long  course  of  all  severe  cases  makes  a  heavy  demand  on  , 
the  patience  of  the  sufferer  and  the  perseverance  of  the  medical  practi- 
tioner;  but  the  prolonged  convalescence  has  the  advantage,  in  alcoholic 
cases,  of  enabling  a  habit  of  abstinence  to  be  formed.  This,  with  the 
recollection  of  what  has  been  endured,  renders  multiple  neuritis  more 
often  a  cure  of  intemperance  than  any  other  of  the  many  maladies  to 
which  alcohol  gives  rise.  During  the  slow  recovery,  the  measures 
above  indicated — tonics,  electricity,  and  massage — should  be  con- 
tinued. As  already  stated,  the  power  of  standing  is  interfered  with 
for  a  time  after  the  muscles  have  regained  adequate  strength,  by  the 
contraction  of  the  gastrocnemii,  causing  a  degree  of  talipes  equinus. 
This  is  often  so  considerable  as  to  suggest  the  desirability  of  dividing 
the  tendo  Achillis,  but  the  operation  is  seldom  if  ever  necessary.  The 
attempt  to  stand  and  walk  constitutes  a  powerful  means  of  extension 
of  the  calf  muscles,  before  which  they  soon  yield  sufiiciently  to  permit 
the  balance  of  the  body  to  be  maintained,  and  then  progress  becomes 
more  rapid.  The  contraction  at  the  knee  and  hip  is  more  diflicult  to 
get  rid  of,  but  generally  yields  in  time  to  persevering  and  gentle 
etiorts. 

Endemic  Keuritis. 

The  clear  evidence  that  has  accumulated,  showing  the  dependence 
of  multiple  neuritis  on  toxic  blood-states,  some  connected  with  an 
orgauismal  virus,  might  prepare  us  to  find  that  it  sometimes  results 
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from  Bucli  poisons  of  endemic  character.  It  is  probable  that  many 
Tarieties  of  neuritis  of  this  origin  will  jet  be  discovered ;  at  present 
it  is  proved  to  be  part  of  only  three  such  diseases, — the  malaria  of 
remittent  fever,  leprosy,  and  the  malady  so  widely  prevalent  in  certain 
regions  of  the  earth,  the  £ak-k^  of  Japan,  Beri-beri  of  the  Eastern 
Archipelago. 

Malarial  Neu&itis. — Several  cases  have  come  under  my  notice  in 
which  persons  living  in  districts  in  which  remittent  fever  is  endemic 
have  suffered  from  weakness  in  the  legs,  chieflj  in  the  muscles  of  the 
foot,  and  far  greater  in  the  anterior  tibial  group  of  muscles — the 
flexors  of  the  ankle  and  extensors  of  the  toes — than  in  any  others. 
In  most  cases  the  paralysis  of  these  muscles  was  absolute,  and  they 
presented  the  reactions  of  degeneration.  The  hands  were  unaffected. 
Such  palsy  is  typical  of  peripheral  neuritis.  In  one  case  there  was  a 
suspicion  of  alcoholic  excess,  but  in  the  others  there  was  no  history  of 
this  or  of  any  other  cause  than  the  exposure  to  malaria.  There  was 
slight  muscular  tenderness  in  some,  but  the  more  acute  symptoms  had 
had  an  opportunity  of  passing  away  during  the  long  sea  voyage  to 
£ng1and.  In  all  the  sphincters  were  unaffected.  The  symptoms 
steadily  improved,  quinine  being  given  and  the  muscles  stimulated 
by  Toltaism.  Contraction  of  the  calf  muscles  had,  however,  resulted 
from  the  foot-drop  in  all  the  cases,  so  that  the  foot  could  not  be 
brought  beyond  or  up  to  a  right  angle ;  but  as  soon  as  the  patients 
were  able  to  attempt  to  stand,  this  contracture,  however  great,  gi*adu- 
ally  yielded,  and  all  made  a  good  recovery. 

This  outline  embodies  the  chief  symptoms  of  the  disorder.  It 
must  be  regarded  as  a  peripheral  neuritis,  involving  chiefly  the  motor 
nerves  and  confined  to  the  legs,  at  least  in  cases  of  moderate  severity. 
It  is  probably  due  to  the  malarial  agent  that  causes  the  endemic  fever 
of  tropical  countries — which  is  presumed  to  be  of  organismal  nature 
— or  to  some  virus  left  behind  by  this.  Its  occurrence  may  be  aided 
by  alcoholism  or  excited  by  exposure  to  cold,  but  no  case  came  from  a 
lion- malarial  district.  How  frequent  it  is  we  cannot  at  present  say. 
Its  nature  had  not  been  recognised  in  any  of  the  cases  that  have 
come  under  my  own  notice,  the  symptoms  having  been  ascribed  to 
disease  of  the  spinal  cord.  But  most  physicians  who  have  practised 
in  such  districts  as  those  in  which  it  occurs  (India,  the  East  Indies, 
coast  of  Africa,  Sui.)  have  recollected  such  cases  when  the  sym- 
ptoms  were  described  to  them,  and  it  may  perhaps  turn  out  to  be  far 
from  rare,  and  to  ocQur  also  in  a  more  acute  and  general  form,  the 
nature  of  which  has  also  been  misunderstood.  Its  symptoms  and 
pathology  are  of  especial  interest  in  conuectiou  with  the  variety  next 
to  be  descnbed. 

Bbbi-bkbi,  the  Kak-k^  of  Japan,  is  also  known  by  other  popular 
names  in  the  various  countries  in  which  it  is  native.*    Probably  many 

*  Beri-beri  is  probably  m  moiiificatioa  of  the  Cingalese  name  for  the  disease,  bahr 
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names  and  localities  remain  to  be  discovered,  or  rather  identified,  for 
it  is  a  mysteriously  wide-spread  disease,  having  apparently  its  chief 
homes  in  Japan,  the  Eastern  Archipelago,  India,  New  Zealand, 
Ceylon,  the  South  Pacific  Islands,  and  the  coast  of  BraziL 
It  is  especially  prevalent  in  the  Dutch  East  Indies,  among  the 
soldiers  and  in  the  prisons,  and  this  has  led  to  its  systematic  investi- 
gation under  the  direction  of  the  Netherlands  Government.  Through 
this  our  knowledge  of  the  maLvdy  has  been  much  increased,  especially 
by  the  investigations  of  Pekelharing  and  Winkler,*  who  had  a  large 
number  of  cases  under  their  observation  both  during  life  and  after 
death.  Opinion  as  to  its  nature  and  cause  has  varied  much,  and  still 
is  far  from  uniform  among  those  who  have  studied  it;  but  there  is  a 
strong  preponderance  of  evidence  that  it  depends  on  a  specific  organ- 
ism, and  that  symmetrical  peripheral  neuritis  is  the  common  effect  of 
the  virus,  and  the  mechanism  by  which  its  chief  symptoms  are  pro- 
duced. The  organisms  found  f  are  in  the  form  of  rods  and  cocci,  but 
it  is  probable  that  these  are  only  different  stages  in  the  development 
of  the  same  species.  They  have  been  cultivated,  and  peripheral 
neuritis  of  nearly  the  same  distribution  as  in  beri-beri  has  been  pro- 
duced by  their  inoculation.  Bepeated  inoculations  are,  however, 
necessary  for  this  result  to  be  produced;  and  hence,  from  this  and 
the  ])hen()niena  of  the  disease,  it  is  assumed  to  be  not  a  simple  infec- 
tious malady,  capable  of  being  induced  by  a  single  exposure  to  its 
cause,  but  one  in  which  repeated  opportunities  for  infection  are  neces- 
sary. In  harmony  with  this  are  the  facts  that  sufferers  acquire  the 
disease  from  residence  in  certain  infected  houses,  or  places  in  which 
it  is  supposed  that  the  soil  is  saturated  with  the  organisms;  that  they 
may  rapidly  recover  on  removal  to  a  district  that  is  free,  and  relapse 
only  on  returning  to  an  infected  place ;  that  it  prevails  where  persons 
are  gathered  together,  as  iu  barracks  and  prisons ;  and  that  the  air  of 
these  places  is  found  to  contain  the  organisms  which,  collected  from 
it,  will  cause  the  disease  iu  animali^,  from  whom  it  is  transmissible  to 

bar!  i*  extreme  weakness.  Knk-k^  is  the  old  Chinese  name  for  it,  by  which  it  it 
mentioned  by  tlieir  medical  works  since  200  B.a ;  it  It  derived  from  two  wordti, 
meaning  "  legs  "  and  "  disease."  The  affection  disappeared  from  China  two  cen- 
taries  a^:o,  remaining  in  Japan,  where  it  continues  a  most  serioof  endemic  malady. 

*  PekelharinG^  and  Winkler,  '  Onderzoek  naar  den  aarden  de  oorzaak  der  Beri* 
beri/  Utrecht  (sep.  publication),  1889,  analysed  in  the  'Centralbl.  f.  Nervenkr./ 
1880;  also  *Weekblad  f.  Nederl.  Geneesk./  1888,  and  'Deut.  med.  Wochentchr./ 
1888,  No.  80.  Other  important  oontri>intions  to  the  aabject  are  by  B&Iz, 
*  Zeitsclir.  f .  kl.  Med.,'  1881 ;  Soheube,  ib.,  1882 ;  Weintraab,  *  Wien.  med. 
Wochenschr./ 1888.  Nos.  23— 44;  Van  Eecke,  «Tijdschr.  v.  Nederl.  Indre/ 1887, 
p.  71;  Wernich.  *  Virchow's  Arcbiv/  Bd.  Ixxi ;  Minra.  'Virchow't  ArchiT.' 
Hd.  cxi  and  cxiv,  whose  conclusiotis,  however,  differ  from  thoae  of  mott  inreKti- 
gators;  So^nin,  '  Phil.  Med.  and  Sure.  Uep./  1888;  and  Springthorpe»  '  Aaetralian 
Med.  Journal/  1889.  Balz,  in  1881,  exprcMcd  the  opinion  that  the  disease  wae 
M  specific  "panneuritis." 

t  Firfit  described  by  B&lz  and  Soheube,  and  since  by  Pekelharing  and  Winkler, 
tiligkmHif,  Weintruub,  Springthorpe,  and  otheri. 
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otben  bj  further  inoculation.  The  serious  extent  to  which  it  maj 
spread  among  those  who  lire  together  under  conditious  favouring  its 
extensioD,  is  shown  bj  the  instance  of  a  ship  arriying  in  Japan  from 
New  Zealand  after  a  voyage  of  272  days.  The  disease  spread  on  board 
so  rapidly  that  altogether  169  cases  occurred,  with  twenty-five  deaths. 
In  1878  no  less  than  38  per  cent,  of  Japanese  soldiers  were  affected. 
It  is  probable  that  the  inhalation  of  dried  organisms  floating  in  the 
air  as  part  of  **  dust/*  is  the  chief  way  in  which  the  disease  is  pro- 
pagated. By  some  it  has  been  tbotight  that  a  nitrogenous  diet  induces 
or  predisposes  to  the  disease,  and  facts  apparently  supporting  the 
opinion  have  been  adduced ;  an  exclusive  fish  diet  Las  been  thought 
to  cause  it,  and  so  also  has  a  rice  diet.  A  remarkable  outbreak  in 
'M'Anila.  ia  1880  followed  a  period  of  rice-eating  during  a  cholera 
epidemic.     These  influences  probably  merely  produce  susceptibility. 

It  is  a  remarkable  fact  that  Europeans  seldom  suffer.  Males  are 
more  liable  to  the  disease  than  females,  and  it  is  chiefly  prevalent 
during  the  hot  season. 

jS»ymj>tom«.— Peripheral  symmetrical  neuritis  is  a  constant  feature 
of  the  malady,  which  is  usually  chronic  in  course  and  gradual  in 
onset,  but  prone  to  undergo  acute  exacerbations.  These  have  l)een 
generally  regarded  as  acute  forms  of  the  disease,  but  it  is  said  by 
Pekelharing  that  the  symptoms  of  neuritis  may  always  be  discovered 
before  the  onset  of  the  definite  symptoms,  and  this  when  the  patient 
is  ignorant  of  their  existence  and  feels  quite  well.  Most  observers 
have  failed  to  recognise  this,  and  it  is  probably  true  only  under 
certain  conditions,  and  per^ions  suddenly  exposed  to  an  intense  infec- 
tion may  suffer  acutely  from  the  very  commencement.  Occasionally 
the  malady  develops  with  extreme  rapidity  and  severity.  On  the 
other  hand,  many  cases  are  chronic  throughout,  and  last  for 
months.  The  leading  symptoms  are  those  of  multiple  neuritis  (chiefly 
affecting  the  legs  and  the  cardiac  branches  of  the  vagus),  dropsy, 
and  symptoms  of  cardiac  failure.  The  amount  of  uriue  is  generally 
lessened,  and  its  secretion  may  be  almost  suppressed  in  acute  cases. 
A  ** critical"  increase  in  the  secretion  may  mark  the  commencement 
of  improvement.  It  is  unchanged  in  character,  and  does  not  contain 
albumen.  The  dropsy  is  a  very  variable  symptom,  and  this  has  led  to 
the  distinction  of  two  forms,  the  dry  and  the  dropsical.  Pekelharing 
and  Winkler,  however,  found  some  effusion  of  fluid  almost  invariably 
after  death,  and  it  is  probable  that  its  conspicuous  presence  or  absence 
depends  chiefly  on  the  state  of  the  heart  (conditioned  by  that  of  its 
nerves),  and  partly  on  the  trophic  and  vaso-motor  disturbances  due  to 
the  local  neuritis. 

The  earhest  symptoms  are  a  change  in  the  electrical  excitability  of 
the  peroneal  nerves  and  the  flexors  of  the  ankles  (which  suffer  most 
throughout) — a  slight  degree  of  the  reaction  of  d^eneration,  quantita- 
tive and  often  qualitative.  These  are  often  to  be  found  before  there 
are  any  subjective  symptoms,  which  begin  as  a  sense  of  heaviness  of  the 
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legs,  readiness  of  fatigue,  djseestbesiee  and  diminution  of  tactile  penti* 
bility  in  the  lower  legs,  palpitation  and  undue  excitability  of  the  heart. 
The  electrical  changes  may  be  met  with  in  slight  cases  which  pro- 
ceed no  further,*  and  have  shown  that  some  patients,  supposed  to  be 
shamming,  were  real  sufferers.     To  these  subjective  symptoms  are 
added  other  objective  signs, — cedema  along  the  edge  of  the  tibie,  a 
peculiar  pasty  and  stiff  aspect  in  the  face,  an  increase  in  the  cardiac 
dulness  to  the  right,  roughness  of  the  first  and  accentuation  of  the 
pulmonary  second  sound.     These  symptoms  may  increase  slowly,  or 
rapidly  in  the  form  of  an  acute  stage.     The  degenerative  reaction 
becomes  complete  in  the  muscles  first  affected,  and  they  become  para- 
lysed and  undergo  the  cbiracteristic  atrophy,  while  other  nerveii  and 
muscles  progressively  suffer  in  the  same  manner,  the  calf  muscles,  the 
extensors  of  the  knee,  the  adductors  of  the  thigh,  and,  lastly,  the 
flexors  of  the  thigh  and  the  abductors  of  the  hip.    In  the  truuk  the 
abdominal  muscles  and  intercostals  may  be  involved,  and  in.  severe 
cases  the  arms  are  paralysed,  first  the  extensors  of  the  wrist  and  fingers, 
later  the  flexors,  and  sometimes  most  of  the  muscles  may  be  so  atro- 
phied as  almost  to  disappear.     The  face  often  suffers :  the  diaphragm 
may  become  paralysed,  and  also  the  larynx  (the  inferior  before  the 
superior  laryngeal  nerve)  ;  while  grave  cardiac  weakness  and  increas- 
iog  dilatation  of  the  heart  testify  to  the  serious  implication  of  the 
cardiac  branches  of  the  vagus.     Simultaneously,  sensory  symptoms 
develop,  corresponding  in  distribution  to  the  more  severe  motor  sym- 
ptoms ;  sensibility  to  touch  is  lessened  or  lost  (first  on  the  inner  side 
of  the  lower  leg),  while  that  to  pain  usually  remains,  and  sometimes 
is  augmented  to  the  degree  that  constitutes  what  has  been  termed 
"ansBsthesia  dolorosa."     The  temperature-sense  may  be  diuiinished 
to  either  heat  or  cold  or  both  in  various  parts,  and  there  is  often  con- 
siderable loss  of  cutaneous  sensitiveness  to  fai*adism.     There  may  be 
tingling,  formication,  and  other  dy^ifesthesise,  together  with  tenderness 
of  the  nerves  and  muscles,  but  far  less  in  degree  than  in  most  forms 
of  polyneuritis,  and  chiefly  marked  in  the  early  stage  of  the  disease. 

The  oedema  that    is   so   common    begins    in    the   legs,   usually 
spreads  widely,  and  involves  not  only  the  subcutaneous  tissue  but 
the  cavities  of   the  peritoneum,  pleura,  and   pericardium :   in  the 
last  it  seriously  impedes  the  action  of  the  already  dilated  and  feeble 
heart.     It  is  to  the  cardiac  failure  that  death  is  commonly  due  ;  the 
other  chief  cause  is  failure  of  the  respiratory  muscles,  aided  generally 
by   effusion  into  the   pleural    cavities,   and    accompanied    by    the 
indications  of  cardiac  weakness,  and  of  dilatation  of  the  right  side 
of  the  heart.    From  this  cause  the  cardiac  dulness  sometimes  increases 
rapidly,  even  in  a  few  hours.     The  oedema  is  usually  attended  by 
increasing  ansemia,  which  doubtless  facilitates  its  occurrence.     These 
symptoms   are   always   later   in  development   than  are    those   due 
directly  to  the  neuritis.     In  the  most  acute  cases  the  definite  symptoms 

•  Pekelliaring  and  Wiokler,  £igkiii«D  (188U).  && 
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tsJue  commonly  six  or  eight  weeks  to  run  their  course,  and  the  usual 
duration  of  tbe  maladj  is  several  months.  Death  from  the  heart 
failure  is  usually  prolonged,  and  accompanied  hj  much  distress. 
Occasionallj  a  very  acute  form  prevails,  in  which  rapid  failure  of  the 
heart  and  various  effusions  lead  to  death  in  about  a  fortnight,  and 
cause  a  moi-tality  of  60  and  70  per  cent. 

PaihologiccU  Anatomy, — The  only  constant  changes  are  in  the 
nerves,  but  some  serous  effusion  is  almost  invariable.  Thus  Pekel- 
haring  and  Winkler  found  an  excess  of  fluid  in  the  cellular  tissue 
in  83  out  of  85  cases — ^about  97  per  cent.  Tbe  pericardial  fluid  was 
increased  in  67  per  cent,  of  the  cases,  in  about  23  per  cent,  there 
was  hydrothorax,  and  ascites  in  14  per  cent. 

Tbe  changes  in  the  nerves  are  often  indistinct  to  the  naked  eye, 
although  always  conspicuous  under  tbe  microscope.  They  are  met 
with  in  both  motor  and  sensory  branches,  and,  in  advanced  cases,  in 
tbe  nerves  of  the  vessels.  Tbey  are  always  greatest  at  the  terminal 
portions,  lessening  upwards,  while  the  nerve-roots  and  spinal  cord 
are  always  normal,  with  the  doubtful  exception  of  vacuolation  of  the 
motor  cells,*  and  some  degeneration  of  the  fibres  of  tbe  posterior 
column  in  a  few  cases.f  Tbe  first  change  is  an  increase  in  the  seg- 
mental nuclei,  shrinkage  of  the  medullary  sheath  at  the  nodes,  and  a 
peculiar  "  lumpy  "  degeneration  of  the  medulla,  sometimes  replaced 
by  a  *'  foam-like  *'  appearance  in  it,  concealing  tbe  axis-cylinder.  Both 
changes  are  often  accompanied  by  the  formation  of  granule  corpuscles. 
These  slighter  changes  are  found  chiefly  where  the  lesion  is  commenc- 
ing, and  especially  in  the  yagus  and  phrenic  nerves,  in  which,  neces- 
sarily, a  considerable  degree  of  change  is  incompatible  with  life. 
They  have  been  seen  in  the  branches  within  the  heart,  in  some  of 
tbe  fibres  of  the  trunk,  and  in  the  laryngeal  nerves.  Where  the 
change  in  the  nerves  is  more  advanced,  the  white  substance  is 
entirely  broken  up,  and  the  axis-cylinder  presents  segmentation  or 
irregular  swellings,  or  has  disappeared,  and  the  increase  in  the  nuclei 
of  the  neurilemma  sheath  is  still  greater  than  before.  The  blood- 
vessels of  the  nerves  are  but  little  changed  in  the  early  stage ;  after  a 
time  they  may  present  some  thickening  of  the  wall,  accompanied  by 
a  general  increase  in  the  amount  of  the  interstitial  tissue;  but,  as 
a  rule,  there  is  an  absence  of  any  signs  of  interstitial  inflammation — 
the  changes  are  essentially  parenchymatous. 

In  the  muscles  there  may  be  at  first  a  cloudy  opacity  with  indis- 
tinctness of  the  transverse  stri®,  going  on  to  granular  degeneration ; 
or  the  fibres  may  simply  become  narrow,  preserving  their  striation. 
The  nuclei  of  the  fibre-sheath  are  always  increased  in  number,  but 
the  interstitial  tissue  is  generally  but  little  altered. 

PaiKologti. — ^The  characteristic  organisms  have  been  invariably  found 
in  the  Lloud.  and,  what  is  a  remarkable  instance  oi  their  slow  action, 

•  Minra,  loc.  cit, 
t  Vuu  Eecke  loc.  cit 
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and  of   the  cumulatiye  influence   needed   to  generate  tlie  malady, 
Pekelharing  and  Winkler*   found    them  in  the   blood   of    all    the 
inhabitants  of  an  intensely    infected    place,   whether  these  had    or 
had  not  symptoms  of  the  disease,  and  failed  to  find  them  in  the  blood 
of  persons  living  in  places  free  from  infection.     Cultures  from  the 
blood  reproduce  the  maludy,  and  so  do  cultures  from  the  animals 
thus  infected.     The  organisms  have  not  been  found  in  special  associa- 
tion with  the  morbid  process  in  the  nerves.     It  thus  appears  that  the 
malady  bears  a  close  resemblance,  in  its  essential  features,  to  cases  of 
multiple  neuritis  due  to  a  chronic  blood-poison  such  as  alcohol,  and 
still  more  to  that  which,  as  we  shall  see,  is  presented  by  chronic 
arsenical  poisoning.     There  is  a  slow  accumulation  in  the  blood  of  a 
Tirus  that  has  a  specific  action  on  the  peripheral  nerves,  and  like  some 
others,  first  and  chiefly  on  the  nerves  of  the  legs,  but  with  a  greater 
affinity  for  the  vagus,  especially  for  its  cardiac  branches,  than  most 
others.     Although  invariably  associated  with  the  presence  in  the  blood 
of  a  special  organism,  the  absence  of  this  in  the  vicinity  of  the  lesion, 
taken  in  conjunction  with  modern  researches  in  bacteriology,  makes 
it  probable  that  the  virus  is  a  chemical  substance  produced  by  the 
organism  in  its  growth.     This  brings  the  disease  into  close  aflinity 
with  some  other  forms  of  multiple  neuritis,  on  which  it  throws  suffi- 
cient light  to  justify  this  somewhat  full  account  of  a  malady  that  is  not 
likely  practically  to  concern  many  readers.     If  we  regard,  as  appa- 
rently we  must,  the  cardiac  failure  as  the  result  of  the  cardiac  neuritis, 
and  the  dropsical  effusion  as  the  combined  result  of  this  and  the  local 
tr^^phic  and  vaso-niotor  influence  of  the  neuritis  (to  which,  perhaps, 
the  change  in  the  blood  should  be  added),  we  have  a  remarkable  illus- 
tration of  tlie  extent,  variety,  and  degree  of  the  secondary  processes  of 
disease  which  multiple  neuritis  may  produce. 

The  Diafnoeis  can  only  be  a  matter  of  difficulty  in  a  very  early 
case,  or  in  a  patient  who  is  not  known  to  have  been  exposed  to 
the  infection,  or  in  consequence  of  ignorance  of  the  disease.  IX>ubt 
may  exist,  however,  whether  in  a  given  case  the  malady  is  alcoholic 
neuritis  or  beri-beri.  The  former  is  probable  if  the  arms  are  inrolred 
at  the  same  time  as  the  legs,  still  more  if  they  su£fer  first ;  also  if 
pains  arc  severe,  oedema  absent,  and  the  heart  unaff^ected.  The  eon- 
verse  would  make  the  endemic  malady  probable.  Beri-heri  has  cer- 
tainly been  intensitied  by  alcohol  in  some  cases,  and  the  symptoms 
then  presented  are  a  combination  of  the  two, — pains,  associated  with 
the  weakness  and  enlargement  of  the  heart  and  the  wide- spread 
tendency  to  dropsical  effusion  met  with  in  beh-berL  In  most  cis^rs  some 
other  indication  of  the  influence  of  alcohol, especially  enlargeiAffit  of  the 
liver,  will  assist  the  diagnosis.  From  other  foraM  oi  sauhiple 
neuritis  it  is  unlikely  that  the  diagnosis  would  hav«  to  be  nude. 
From  affections  of  the  spinal  cord  the  distinction  (ehMAj  fteeded  in 

•  AUo  0^'ata  (1888)  and  others.    Thej  have  alio  bee*  §maA  igwia^  m  Um 
organs,  even  in  the  spinal  cord,  which  if  coinmonlj 
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the  chronic  **  dry  "  yarietj)  depends  on  tlie  points  already  mentioned 
in  the  account  of  mnltiple  neuritis.  Acute  cases  with  much  cBdema 
aud  weakness  of  the  heart,  and  enlargement  of  the  right  side,  may  be 
mistaken  for  primary  heart  disease  ;  but  if  the  symptoms  of  bori-beri 
are  known,  the  affection  may  be  recognised  by  the  absence  of  any 
indications  of  primary  Talvular  disease  ;  while  an  examination  of  the 
legs  will  reveal  the  weakness  of  the  flexors  of  the  foot  and  lessened 
tactile  sensibility  in  the  skin  over  them. 

Treatment. — Beri-beri  is  one  of  those  diseases  for  which  it  is 
probable  that  a  method  of  at  least  prophylactic  inoculation  will  Ijo 
discovered  in  the  future.  At  present  the  destruction  of  the  organisms 
by  disinfecting  agents,  or,  better,  the  removal  of  a  person  to  an  unin- 
fected district,  constitutes  the  only  means  of  preserving  him  from  the 
continued  entrance  of  the  poison — a  measure  essential  for  successful 
treatment,  and,  in  many  cases,  all  tliat  is  really  necessary.  The 
limits  of  disinfection  are,  however,  reached  with  the  dwelling-house; 
and  the  great  difficulty  presented  by  the  disease  is  the  manner  in 
which  whole  districts  are  capable  of  giving  rise  to  it,  probably  by 
the  infection  of  the  soil,  which  cannot  be  rendered  innocuous. 
However,  even  within  the  narrow  limits  of  personal  use,  disinfection 
has  achieved  some  remarkable  results,  and  in  few  diseases  has  the 
light  of  pathology  given  more  useful  guidance  to  the  band  of  the 
practitioner. 

In  most  respects  the  treatment  of  the  symptoms  of  beri-beri  does 
not  differ  from  that  of  alcoholic  neuritis.  A  special  point,  however, 
18  that  the  strengthening  of  the  heart  by  digitalis  or  stropbanthus  is 
more  often  of  urgent  importance,  and  requires  greater  care  lest  the 
xooble  fibres  be  overtaxed.  Small  doses  should  therefore  be  given — 
three  or  at  most  five  minims  of  the  tincture  of  digitalis.  Bodily 
rest  is  of  paramount  importance  to  the  weak  organ,  in  order  that 
there  may  not  be  any  demand  on  its  energies  for  other  work  than 
that  involved  in  the  maintenance  of  what  may  be  termed  statio 
nutrition,  and  that  it  may  be  spared  the  increased  work  necessi- 
tated by  muscular  exertion.  Strychnia,  quinine,  &c.,  may  do  good, 
but  their  use  in  this  disease  does  not  differ  from  that  in  the  more 
x)mmon  forms  of  multiple  neuritis. 


Lbpbous  Neubitis. 

Far  removed  as  leprosy  may  seem  to  be  from  the  malady  last 
described,  both  by  its  general  character  and  extremely  chronic  course, 
it  is  certainly  also  an  endemic  disease  ;  its  cause  must  be  sought 
in  local  influences ;  and  it  agrees  with  beri-beri  in  the  nature  of  that 
influence.  Since  the  researches  of  Carter,  Hansen,  and  Neisser  have 
proved  the  constant  presence  of  a  specific  bacillus  in  all  the  new  forma- 
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lions  met  witli  in  tbe  disease,  their  observations  have  received  abundant 
corroboration  ;  the  disease  was  indeed  one  of  the  first  to  be  proved  to 
depend  on  living  organisms.  The  virus  resembles  tbat  of  beri-beri  in 
being  transmissible  from  individual  to  individual,  but  differs  in  its 
capability  of  passage  bj  inheritance,  in  the  less  readiness  with  which 
it  passes  from  person  to  person,  and  in  the  extreme  slowness  with 
which  it  commonly  develops  to  the  degree  necessary  to  cause 
symptoms.  Years  may  elapse  after  the  last  possible  exposure, 
before  distinct  symptoms  of  leprosy  appear.  In  the  case  from  which 
Fig.  62  was  taken  the  sufferer  was  a  European  of  healthy  parentage, 
who  could  not  have  been  infected  within  ten  years  of  the  first  sym- 
ptoms. In  one  case  of  infection  from  adult  to  adult,  nine  years 
elapsed  after  the  death  of  the  leper  before  the  man  who  had  lived 
with  him  began  to  suffer.  When,  indeed,  a  large  quantity  of  the 
virus  is  received,  the  malady  develops  much  more  rapidly.  Bui 
leprosy  differs  from  beri-beri,  and  from  most  other  forms  of  multiple 
neuritis,  in  the  fact  that  although  inflammation  of  many  nerves  is 
Irequently  a  part  of  the  disease,  it  is  not  an  essential  part  or  a 
constant  feature  of  the  affection.  On  the  contrary,  it  is  only  one 
of  an  extensive  series  of  lesions,  inconstant,  not  only  in  its  occur- 
rence, but  in  its  seat  and  extent.  It  characterises  a  special  variety 
of  the  disease,  the  **  ansBsthetic  leprosy  "  in  which  not  only  areas  of 
the  skin  become  insensitive,  but  the  ends  of  the  fingers  may  suffer 
such  an  impairment  of  their  nutrition  that  they  are  lost.  Moreover, 
as  we  have  seen  in  the  introductory  section,  the  want  of  strict  sym- 
metry is  associated  with  an  important  difference  from  the  symmetrical 
forms — the  neuritis  is  not  a  parenchymatous  or  degenerative  form, 
but  is  a  perineuritis  and  interstitial  neuritis,  and  the  damage  to  the 
fibres  is  secondary.  This  change  in  the  connective  tissue  is  asso- 
ciated with  the  actual  presence  of  the  organisms  in  it.  The  neuritis 
thus  seems  to  be  due  to  the  direct  action  of  the  bacilli  on  the  affected 
tissues,  and  not,  as  in  beri-beri,  to  a  virus  circulating  in  the  blood — 
not  to  a  product  of  the  organisms,  but  to  the  organisms  themselves. 
This  fact  enables  us  to  understand  better  its  peculiar  features,  and 
especially  its  irregular  distribution;  the  inflammation  occurs  where 
the  organisms  happen  to  fix  themselves  in  the  connective  tissue,  and 
although  certain  common  conditions  on  the  two  sides  may  determine 
a  partial  correspondence  in  the  nerves  affected,  there  is  not  the  sym- 
uietrv  that  results  from  an  action  on  like  structures  on  the  two  sides, 
equally  accessible  to  the  virus.  In  this,  and  in  its  connective-tissue 
seat,  the  neuritis  of  leprosy  resembles  the  more  isolated  neuritis  of 
syphilis,  rather  than  the  common  varieties  of  the  multiple  form. 

The  symptoms  of  the  malady  are  extensive  and  various,  but  only  those 
that  consist  in  derangement  of  the  functions  of  the  nervous  system 
concern  us  here,  and  it  is  alike  needless  and  impracticable  to  describe 
the  others.  The  nervous  symptoms  of  leprosy  depend  almost  exclu- 
sively on  inflammation  of  the  nerves.     These  symptoms  are  musculiir 
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wasting  aud  aiiREtheBi&,  (;rea,tei<t  io  degree  towards  the  extremities  of 
th«  limba,  but  more  or  less  irregular  iu  situatioa  and  in  the  region  of 
the  distribution  of  oerve-truuks,  which,  if  accessible,  are  obviously 
diseased.  The  symptoms  are  not  coufiued  to  the  limbs,  but  are  also 
met  with  in  the  face,  where  an  affection  of  the  fifth  nerre  may  cause 
AOBsthesia,  and  movement  may  suffer  from  involvement  of  the  trunk 
of  the  facial  nerve,  so  that  tbe  eyelids  cannot  be  completely  closed. 
The  form  of  sensibility  that  is  impaired  also  varies  ;  sometimes  touch, 
sometimes  pain  is  lessened  in  greater  degree,  but  usually  all  forms  are 
implicated  to  some  extent.  The  legs  often  suffer  before  the  anus,  but 
a  special  order  of  affection  uannot  be  distinguished.  There  may  be 
unpleasant  tiagling  sensations,  but  pains  are  usually  trifling,  perhaps 
because  the  process  is  extremely  chronic.  In  Home  cases  tLere  muy 
be  severe  paio  in  the  position 
of  the  nerves  or  deeply  seated  iu 
the  limbs.  The  inequality  of 
tbe  affection  of  the  fibres  of  the 
same  nerve  Is  shown  by  the  fact 
that  the  knee-jerk  may  persist 
although  the  extensors  of  the 
kne«  are  partially  paralysed. 
Fig.  61  shows  the  distribution 
of  anttsihesia  io  tbe  bands  in 
a  well-marked  example  of  this 
disease  which  came  under  my 
observation  some  years  agn. 
The  patient  was  a  Creole  of 
UauritJus,  who  had  come  Iu 
England  in  early  childhood,  and 
presented  tbe  first  distinct  sym- 
ptoina  at  twelve  years  of  age — 
changes  in  the  pigmentation  of 
the  skin,  aiuesthesia,  and  mus- 
cular wasting.  They  steadily 
increased  during  the  next  four 
years,  the  aniesthesia  extending 
each  half-year  from  one  finger  to  another.  There  was  also  scattered 
aDBsthesia  of  the  legs  below  the  knee.  As  the  figure  shows,  the  loss 
of  sensation  does  not  correspond  in  area  to  nerve  distribution.  This 
depends  on  the  fact  that  even  whan  all  the  nerves,  including  tliosa 
of  the  fingers,  are  diseased,  all  the  fibres  may  not  be  destroyed  in  any 
one  nerve,  so  that  some  sensibility  exists  in  each  nerve  area.  Various 
perversions  of  sensibility,  spontaneous  "  dy  snathes  is,"  tingling, 
formication,  and  the  like,  may  precede  the  loss.  The  latter  usually 
ocean  gradually,  but  sometimes  so  suddenly  as  to  suggest  some 
secondary  vascular  lesion,  heemorrbage  or  tbrombosis,  in  the  vessels 
of  the  nerve  that  is  the  seat  of  the  process — a  possible  result  iu  its 
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c'.'irly  and  mr)st,  aotive  i'ta^**.  It  mutt  be  remembered  that  in  all 
itiflnTniiiatiorm  of  the  sheath  aod  interstitial  tissnes  this  proceeds  t'> 
n  ('OTiHiflorable  rl^prree  V»4>fore  the  fibres  of  the  nerve  suffer,  and  thus 
HUfblori  loRi  of  sPTimbilitv  does  not  show  that  the  nerve  was  previouslj 
lioiilf  hj.  Thi«  o^^oasionally  sn/lden  onset  is  of  moch  practical  import- 
aii<f» ;  one  c^se  was  sf^t  to  me  from  a  place  in  which  the  disease  is 
riKlpiiiic,  by  a  doctor  well  acquainted  with  it,  who  had  not  suspected 
l.'l»ra«jy  }»f»/»an«e  th*»  antexthf^ia  came  on  almost  suddenly. 

A('('om[)anying  ancesth^sia  there  is  usually  some  muscular  wasting, 
w1ij('h  may  be  gr**at.  In  the  case  fij^^ured  it  was  considerable,  although 
only  in  the  small  musf-les  of  the  bands  was  it  comparable  to  that  of 
profxroRsiFe  mnscnlar  atrophy.  The  electrical  excitability  of  the  mus- 
v]p^  was  pjroat.ly  lower«»d  to  each  current,  and  this  is  perhaps  the  most 
(*ommon  condition  ;  either  the  damage  to  the  nerves  is  so  chronic  that 
the  ni>reH  nndersfo  slow  changes  pari  jmissv  with  those  in  the  nerves  and 
their  eTidin<cs,  or  the  patient  comes  under  observation  at  a  late  stage 
in  the  local  affection,  at  which  the  changes  present  in  the  early  stage 
litve  disappeared;  sometimes,  indeed,  all  irritability  has  vanished. 
In  oases  that  are  seen  soon  after  the  onset  of  the  lesion  of  the  nerves, 
there  may  he  the  reaction  of  degeneration  in  the  muscles,  either  partial 
or  complete,  and  there  is  often  a  conspicuous  exaltation  of  the  mecbani- 
en  1  irri  ta>)i  1  ity  of  the  nerve- trunks.  When  the  facial  nerves  are  affected 
t  his  may  be  well  seen,  and  may  resemble  that  met  with  in  tetany.*  The 
thickening  of  the  nerve  may  be  felt  when  that  which  is  affected  is 
accessible.  The  state  of  myotatic  irritability  varies  according  to  the 
distribution  of  the  neuritis ;  it  is  lost  at  places  where  the  sensory  or 
motor  fibres  are  involved,  but  those  supplying  the  front  of  the  thigh 
and  its  muscles  often  escape,  and  the  knee-jerk  is  preserved.  Anchy- 
losis of  the  joints  may  occur,  as  in  other  forms  of  neuritis. 

The  **  mutilations  "  of  leprosy,  by  which  the  ends  of  the  fingers  and 
t/^es  are  lost,  are  also  regarded  by  some  as  a  consequence  of  the  neuritis. 
The  numerous  other  symptoms  of  the  disease  are  independent  of  the 
nerves  (except  perhaps  the  pigmentation  of  the  skin),  and  are  beyond 
the  province  of  this  book. 

The  neuritis  of  leprosy  is  typically  adventitial  (Fig.  62).  The 
primary  sheath  and  the  secondary  sheaths  of  the  fasciculi  are  greatly 
increased  in  thickness,  and  consist  of  nucleated  fibrous  tissue  arranged 
concentrically  (▲,  b).  From  the  sheath,  tracts  extend  into  the  inte- 
rior of  each  fasciculns  (b),  isolating  the  groups  of  nerve-fibres.  The 
increase  of  tissue  even  extends  between  the  fibres  themselves  (o),  and 
th(\se  undergo  slow  wasting;  many  of  the  fibres  in  the  figure  are 
seen  to  be  distinctly  narrower  than  normal.  The  concentiic  growth  of 
Hbrous  tissue  may  even  invade  the  whole  area  of  the  fasciculus,  all  the 
uorve* fibres  perishing  before  it  (d).  The  characteristic  bacillus  of 
leprosy  is  found  abundantly,  in  recent  cases,  in  the  new  tissue  of  the 
nerves.  Pec\iliar  cells  are  met  with,  infiltrated  with  the  organisms. 
•  Scbultte,  « Deut.  Arch.  f.  klin.  Med.,'  1888,  Bd.  xUiL 
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Am  th«  fibrous  tiaaue  develop*  and  cootnote,  tbe  badlli  seem  to  parish, 
ftnd  ultimatelj  Cfta  do  longer  be  discovered. 

The  diignosii  depends  on  the  occurrence  of  irregnlar  areas  of  anns- 
thesiA,  generally  usociated  with  irregular  patches  of  pigmentation 
ftnd  pallor  in  the  akin,  and 
often  with  muscular  atro- 
pbj,  in  a  person  who  has 
been  exposed  to  the  risk 
of  infection,  geneiidl;  bj 
haTiDg  lived  iu  a  district 
in  which  the  disease  ii 
endemic.  The  irregularity 
of  distribution  and  the 
limitation  of  considerable 
sensory  changes  snffi- 
cientlr  distinguish  it  from 
other  forms  of  neuritis. 
The  spinal  affections  with 
which  the  mixed  anes- 
thesia and  wasting  are 
most  likely  to  be  con- 
founded are,  as  Schultse 
has  pointed  out,  cases  of 
syringo-myelia  in  which 
the  distension  of  the  cen- 
tnl  cavity  damages  the 
greymatter.and  maycause 
similar  symptoms  of  irre- 
gular distribution.  But 
these  are  limited  to  the 
arms;  and  if  tbe  legs 
suffer  it  is  in  a  different 
wny — as  simple  paraplegia 
with  excess  of  myotatic 
irritability  that  may  go 
on  to  spasm. 

Tbe  prognosis  of  the  disease  in  the  simple  annsthetto  form  is  grave 
only  when  the  sufferer  is  still  exposed  to  fresh  infection,  or  in  cases  of 
considerable  severity.  But  it  must  be  remembered  that,  just  as  the 
disease  may  develop  long  after  exposure  to  its  cause,  ao  it  may  slowly 
increase  for  a  long  time  after  this  exposure  has  ceased. 

The  treatment  of  the  affection  is  beyond  the  scope  of  this  work;  in 
so  far  as  tbe  nerve  symptoms  require  special  measures,  these  are  the 
same  as  in  ordinary  neuritis.  A.  trial  may  be  made  of  tbe  stimula- 
tion of  the  muscles  by  whatever  form  of  electricity  they  will  respond 
to,  and  of  the  aorasthetic  areas  in  the  skin  by  tbe  wire  brush  and 
fanidism. 
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uma  mora  highly  minified;  D,  part  of  S  Icn 
dur^ied  taicicDliii  from  th«  oliwr  neTraj  D,  > 
iiDkll  fiuoicnlat  ttem  median  in  which  the  eon- 
centric  flt>r«i  have  invaded  thanhola  am  of  tha 
faacicalna. 


PABT  III. 

DISEASES    OF    THE    SPINAL    CORD. 


INTRODUCTION. 

A^fATOMV  OF   THE  SPINAL   COED* 

The  Bpinal  cord,  it  will  be  remembered,  ie  mach  shorter  tban  tlis 
epin&l  canal,  reacfain^  only  to  tbe  Becond  lumbar  Tertebra.  Hence  the 
nerve-roota  descend  to  tbeir  foramina  of  exit.  The  lower  they  arise, 
tbe  longer  is  tbeir  intra-spinal  course.  All  those  below  the  secood 
lumbar  pair  leave  the  canal  below  the  lowest  portion  of  the  cord.  It 
is  customary  to  speak  of  the  portion  of  the  spioal  cord  from  which 
dich  p&ir  of  nerves  arise  as  the  corresponding  "  segment "  of  the  cord. 
Tbe  segments  are  longest  iu  the  dorsiil  region,  and  shortest  ia  the 
lumbar  enlargement.     They  are  also  called  "  inetaniereB." 

Tbe  only  parts  of  the  spinal  column  that  we  can  usually  feel  ara 
the  vertebral  spines.  Many  of  these  are  uot  on  a  level  with  tb« 
bodies  of  their  vertebrte.  It  is  imporlant,  therefore,  to  know  the 
relation  of  the  spines  to  the  bodies  of  the  several  vertebrae,  and  of 
these  to  the  origin  of  tbe  nerves.  These  relations  are  shown  in  the 
accompanying  figure  (Fig.  63). 

Of  the  Membraitet,  the  pia  mater  closely  tDvests  the  surface,  and  ia 
continuous  with  the  tracts  of  connective  tissue  that  pass  within  the 
substance  of  the  spiuat  cord.  It  is  also  prolonged  along  the  nerve- 
roots  as  their  sheaths.  The  arachnoid  forms  a  much  less  ilose  invest- 
ment. The  dura  mater  is  not  in  coutact  with  the  bones,  as  it  is  m  the 
cranium,  but  a  layer  of  fat  and  a  plexus  of  large  veins  intervene 

"  Thu  following  oiitllue  of  tlie  Bnntoiny  □!  the  aplniil  conl  ii  intended  mcrelj  to 
pUpB  before  the  reader  IhoM  point*  Ihiit  sre  emicntjal,  or  likely  to  became  tt,  for 
uiiiJentandiDg  the  runntioiit  of  the  orgAa  aod  the  ijinptomt  nf  iU  diteue.  It  doM 
not  profcu  to  be  eihNiutive  eveu  in  outline,  and  ii  detiiciiedtj  kept  u  [th  u 
poaiible  from  whatever,  in  either  the  luhitaiice  or  terminology  of  receni  tdane^ 
doea  not  come  within  the  acope  of  thone  ohjeoli.  Many  of  the  reialt*  remebad 
bj  modem  inviatigaton  ire  mntunlly  ineompotible,  and  wliere  ■  cbuice  hai  b«Ml 
neeeanrjr  the  obeerrera  hkre  been  followed  who  poiaeii  tl>e  greatcat  autliori^ 
aad  whote  coualuiioni  beat  agree  witb  taut*  previouilj  Mcerlaiiied. 
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betwerti  tbe   two.     It  thus  forms  a  lo3ie   ■heath  for  the  cord, 
acd  Tariatiooa  in  the  amount  of  blood  in  th«  plezoaei  oatdde  it 

permit  corresponding  (but  invene)  raria- 

tioBs  of  the  amount  of  cerebro-spioa 

Sxaid    within    it.     An  eitensioo  of  the 

Sura  mater  passes  along  each  nerre-root 

And  blends  with  its  sheath. 

Stbuctube  vt  thb  Spinal   Cobd.— 

"Fbe  general  form  of  the  cord,  tbe  enlarge- 

BueutB  it  presents,  and  its  cooatitution  of 

ivbite  and  gnj  snbetance,  are  too  well 

IcDOwn  to  need  deicri[)tion  here.      The 

««ili{«  ntkrtanee  surrounds  the  grey,  ex- 
cept  at  the  two  points  at  which   the 

posterior  horns  come  to  the  surface 
<IHg.  64).  It  consists  of  medultated 
nerve-fibres,  chiefly  longitudinal.  The 
posterior  cornua  isolate  the  posterior 
coIaniDS  from  the  rest  of  tbe  white  sub- 
stance. These  columns  are  sei>arated  by 
a  *  posterior  median  septum  "  of  connec- 
tive tissue,  and  a  little  distance  from  this 
another  incomplete  septnm,  "  posterior 
intermediate  septum,"  correspouding  to 
a  depression  on  tbe  surface,  marka  off 
a  portion  next  tbe  median  septnm,  the 
" postero-median  column,"  or  "column 
of  OoU,"  from  the  part  next  the  pos- 
terior bom,  "  postero-external  column," 

Tl«.  63. — Dikftran)  (fnincd  from  bd  origliul  in* 
TMtigntiiin}  ihowiiig  Clir  rf>lBtion  of  iba  rcrtc- 
bntl  ipinei  bi  tlieir  bodie*  aiid  to  tbe  origin  of 
the  seirnl  DtTrr-noU.  It  will  ba  IMU  thit 
tba  end!  of  tha  Tcrtebnl  ipinn  ars  opp'xlte 
ths  middle  of  thtir  Dim  bodiM  ODlf  in  the 
lambv  region ;  tlie;  corri-tpoiid  to  tlie  lower 
cdgv  of  tfaair  own  bodin  in  tbe  rerTical  and 
tbe  lut  two  dorul  rertrhnt,  anil  to  the  upper  $ 
pkrt  uf  the  budr  below  in  tba  i«tt  of  the 
donal  Tcgion.  Esch  eerricsl  ipine  U  nearlii 
oppoaite  the  lower  root*  of  tlie  nerre  l>eiow ; 
the  vertebra  ppiniineiii,  ii  oppneite  the  Hnt 
ilorml  ro^>t>,  aud  from  tba  3rd  to  the  10th 
dorsal  the  (pinei  correapond  to  the  wcoiid  root 
below  i  tha  11th  apiai^  cormpondi  lo  the  lit 
and  Snd  Inmtnr  nerTe^  the  ISth  to  the  Srd, 
4th  and  6th;  the  lit  lumbar  to  tbe  lit,  2iid 
ftnd  3rd  aacral  ntr*e*,  wlii]<>  tbe  top  of  the  cord 
H  oppiiiite  tlie  upper  part  of  tbe  2nd  laiubar. 

or    "column   of    Burdach."  the  part  of   which    next    the    comu 
is  called  tbe  "  posterior  root-zone,"  because    many   fibres  of   tbe 
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posterior  root  paM  through  it.    The  rest  of  the  white  mhttaneeii 
divided,  ia  the  middle  line  in  front,  b;  the  anterior  median  fiuuic, 


FlO.  64. — Dlnimim  of  ■  arcllon  of  th«  iplnal  rard  tn  ths  ccrrle*!  region,  l.  o, 
anterior  eomminQrat  P-  o.,  i-oaterior  commUinre;  I.  g.  ■.,  lnt«riiLediat«  grn  lub- 
■Unee;  r.  pot.,  pMtrtior  mnin |  e.  e.  p.,  oput  eorna  poirrrloriai  l.  l.  l..  fatenl 
Ilmttinj;  IhJcti  i.>i~  A.  T^  uitfni-lmtenl  uceTullng  tract,  <rhicb  cztands  ilong  Uu 
periphery  of  tha  Mrd. 


down  which  the  pift  mater  snd  blood-rpBaels  pass,  and  at  the  bottom 
of  which  1b  the  anterior  or  wbite  commisHiire.  Bctireen  the  anterior 
median  fissure  and  tha  posterior  coruu  the  white  luhstanoa  ia  con- 
tinuous and  nndlTided,  extending  round  the  front  and  side  of  the 
cord.  It  is  artificiall?  divided  into  an  anterior  and  a  lateral  colnjnn, 
the  line  of  division  being  the  outermost  of  the  anterior  nerre-roots, 
which  pass  through  the  front  of  the  cord ;  bat  there  is  no  correspond- 
ing distinction  of  stmctare,  and  hence  it  is  often  termed  the  "  antero- 
lateral colnmn." 

The  white  Hubatance  varies  in  amount  in  different  parts  of  the 
oord,  but,  as  a  whole.  IPSBcna  gradually  from  above  downwards  (Me 
Fig.  65).  It  is  everywhere  composed  of  medullated  nerve-fibres 
which,  however,  possess  no  nenrilemma-sheatb.  In  carmine^staine' 
sections  the  axis-cylinder  is  seen  within  each  fibre,  not  always  in  U 
oeiilre.and  around  this  are  concentric  cloudv  lines  due  to  the  irregul 
Tefracfiou  of  the  white  substance. 

Between  the  fibres  is  a  peculiar  substance,  the  "neuroglia" 
nerve-cement.     It  appears  to  consist  of  fine  fibres,  which  form  a  I 
work,  embedded  in  a  finely  granular  or  homogeneous  matrix, 
their  int^^rsections   are    peculiar  cells  consisting  of  a  nueleos 
small   cell  body  ("  glia-cells."  "cells  of  Deiters").     The  fibrei 
generally  regarded  as  tbeir  processes,  but,  according  to  Itanvier 


Welgert,  the  cella  xn  flattened,  without  processes.  This  neun^tU 
is  developed  from  the  same  (epitheli&l)  embrjological  elements  as  the 
nerve-structTirei — an  importaat 
furt,  because  it  enatileB  us  to 
mderst&nd  the  fact  that,  in  de- 
fectiTe  deTelopment  of  the  nerve- 
structures,  the  Dearc^lial  tieeue  is 
eicessiTe  in  amount.  But  its  differ- 
entiation in  development  involves 
also  its  chemical  nature,  since  it 
conaists  of  material  like  that  of 
hair  or  horn,  and  hence  called 
"  neorokeratin. ' ' 

The  nerve- fibres,  tbos  con- 
nected, lie  in  a  coarser  netvork, 
formed  hj  branching  proi.-es8es 
of  septa  that  proceed  inwards 
from  the  pia  mater.  In  these 
•epta  blood-vessels  run,  and  some 
are  occupied  by  nerve-fibres  that 
have  a  horisontal  course.  The 
aepta  consist  of  fine  fibres  from 
the  pia  mater  and  of  neuroglial 
material,  which  forms  also  a  layer 
between  the  membrane  and  the 
nerve-fibres  in  the  intervals  be- 
tween the  septa.  This  layer  varies 
considerably  in  thickness.  Many 
of  the  septA  pass  through  the 
white  substance  to  join  projec- 
tions from  the  grey  sabstante, 
which  cau«e  the  irregularity  of 
the  outline  of  the  latter.  These 
proct^sses.  outside  the  neck  of  the 
posterior  coma,  are  bioad,  and  join 
each  other  so  as  to  form  a  sort  oE 
network,  the  meshes  of  which  en- 
close  columns  of  nerve-fibres.  This 
is  called  the  ■'  lateral  reticular  for- 
mation "  (Fig.  64,  right  aide ;  also 
65,c,2— 8).  Thesubstanceotthe 
born  behind  the  caput  is  sometimes 
broLen  up  in  the  same  way— the 
"jKiaterior  reticular  formation." 

The    grey     rubilanee  varies  in 
shape  and  size  in  different  parts  ' 
of  the  cord,  being  largest  in  the 


IG.  eS. — DiagniD  ihnwlni;  tha  relitlvs 
■iie  ind  iliKpe  of  tbe  ronl  sud  gref 
mattur  at  diHurcut  lev«U. 
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eervical  and  lumbar  swellings,  aod  corresponding  to  tbe  number  asd 
■ize  of  the  nbrve-roota  givea  off.  The  Tanations  in  shape  and  size 
are  indicated  in  tbe  accooipanyiiig  figure  (€5),  and  will  be  readilj 
naderatood  b;  an  exanihiatiou  of  this.  Tbe  division  into  anterior 
and  posterior  boma  or  coraua  is  familiar.  Tbe  part  on  each  aide 
that  iuterTenes  betw«>en  the  two  horns  maj  be  t:onvenientl7  termed 
the  "  intermediate  grey  subHtance  "  (I.  g.  s.  in  Fig.  64).  In  tbe  dorsal 
region  a  projection  from  this  extends  iuto  thu  lateral  columD  (Fig.  65, 
D  2, 5,  and  8),  aad  has  been  termed  tbe  "lateral  horn").  It  is  cuaiumarj- 
to  divide  the  grey  matter  into  two  varieties,  "  spon^T  "  and  "  gela- 
tinous," The  latter  forms  a  cap  on  the  posterior  horn,  and  a  layer 
immediately  around  the  central  canal,  and  is  named  on  account  of 
its  naked^eye  aspect.  The  spongy  substance,  which  forms  the  rest  of 
the  two  comua,  cousistB  mainly  of  an  excessively  fine  felty  network 
of  rery  narrow  medullated  nerve-fibres,  naked  axia-cylinderB,  and  fine 
nerve- fibril  lie  wbich  arise,  in  part  at  least,  from  the  branching 
processes  of  the  uerve-cells,  and  perhaps  in  part  by  a  division  of  the 
axis-cylinders  of  the  nerve-fibres.  It  also  contains  small  cellular 
bodies,  which  vary  in  size  and  shape.  Many  are  angular  with  pro- 
cesses, and  are  probably  of  nervous  function.  These  structures  are 
embedded  in  a  supporting  neuroglia.  Throngh  it  course  many  larger 
medullated  nerve-fibres,  passing  to  or  from  tbe  white  columns  and 
nerve-roots.  In  it  also  lie  many  nerve-cells  of  various  sizes.  Those 
in  the  anterior  comu  are,  for  tbe  most  part,  large  "  ganglion-cells  i" 
each  contains  a  large  nucleus,  and  usually  a  mass  of  pigment,  and 
Bends  out  several  processes.  One  process  is  continuous  with  the  axit- 
cylinder  of  a  nerve  fibre  (Fig.  66),  and  can  be  sometimes  inaxi  into 
»  fibre  of  an  anterior  root  (Fig.  67).    The  other  procoasei;,  after  a 


Fio. 

ii-cy1iiider  of  ■  nerve-Gbre 

(After  OerLich.) 
f  to.  67.— Nerve-<e11i  of  the  interior  ( 

oui  iuto  Che  RDUrior  root     (After  Heole.) 
Flo.CS. — A  fine  Derve-flUre  divitliD);  into  two  parti,  neb 

cif  which  joins  the  pleiu*  of  fibrillsB  formed   by  the 

brttiichinic  proceiaei  of  ■  Dervv-cull.    from  Uie  fpiuil  oord  of  an  ox.    (After 

QbiUcIi.) 
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longer  or  sliorter  course,  diyid'e  and  subdivide,  tlieir  ramifications 
being  lost  in  the  sponge-like  matrix  of  the  grey  substance.  lo  this 
thej  are  probablj  connected  with  the  terminal  ramifications  of  nerve- 
fibres  (Fig.  68).  These  cells  lie  in  groups,  between  and  through 
whith  course  tracts  of  fibres,  chiefly  from  the  anterior  roots.  Other 
fibres  come  from  the  anterior  commissure,  white  columns,  and 
posterior  horn.  The  ganglion-cells  are  certainly  motor  in  nature, 
and  give  origin  to  at  least  most,  and  perhaps  all,  of  the  motor  fibres 
of  the  spinal  nerves.  Birge,  in  a  careful  inyestigation,  found  that 
in  each  segment  of  the  spinal  cord  of  the  frog  the  number  of  nerve- 
cells  in  the  anterior  comu  nearly  corresponds  to  the  number  of  fibres 
of  the  anterior  roots  arising  from  that  segment.  Each  cell  is  traversed 
by  many  nerve-fibrillse,  such  as  are  discerned  in  a  cell-process  or  in 
the  axis-cylinder  of  a  nerve-fibre.  These  cross  and  intermingle  in  the 
middle  of  the  cell,  but  pass  along  the  margin  from  one  process  to 
mnother.  By  this  arrangement  impulses  entering  the  cell  by  one 
process  may  leave  it  by  many.* 

The  arrangement  of  the  nerve-cells  of  the  anterior  comu  is  o£  some 
practical  importance,  on  account  of  the  frequeucy  with  which  this  part 
is  the  seat  of  limited  lesions.  They  form,  as  already  stated,  certain 
groups,  but  these  groups  vary  in  different  regions  of  the  cord,  partly 
under  the  influence  of  the  shape  of  the  horn,  partly  irrespective  of 
this,  and  they  even  vary  in  parts  of  the  cord  that  are  near  together. 
They  are  influenced  by  the  course  of  the  tracts  of  fibres  of  the  ante- 
rior roots,  which  may  pass  through  a  group  and  break  it  up  into  smaller 
groups,  although  in  a  neighbouring  section  it  is  undivided  (see  Fig. 
69,  the  cervical  groups).  Hence  very  different  descriptions  have  been 
giyen  of  these  groups,  and  the  process  of  distinction  has  sometimes 
been  carried  too  far.  The  groups  that  can  most  readily  be  recognised 
are  the  following : — In  the  inner  anterior  angle  of  the  comu  is  a  small 
group,  the  inner  or  median  group.  This  is  one  of  the  smallest,  and  is 
absent  in  some  parts  of  the  cord,  especially  in  the  lumbar  region.  A 
much  larger  group  lies  near  the  anterior  edge  of  the  bom,  in  the 
middle,  or  a  little  to  the  outer  side  of  the  middle,  the  anterior  group. 
External  to  this,  in  the  outer  extremity  of  the  front  part  of  the  horn, 
is   another  group,  the  aniero-lateral  group.      These  two  groups  are 

*  KronthAl,  '  Near.  CeDtralbl./  1890,  p.  40.  Impulses  may  thus  be  diffused,  even  if 
there  is  no  junction  of  ftbrilla  or  passage  of  impulses  from  one  fibril  to  another. 
The^e  fibrills  are  said  to  be  composed  of  fusiform  elements,  united  at  their  extremities 
hj  finer  threads  of  the  substance  of  which  they  consist.  They  break  down,  two  or 
thr««  boors  after  death,  into  rows  of  fine  granules.  This  Hrrangement  provides  a 
inechanism  by  which  the  nerve^cells  may  conduct  and  difluse  impulses,  but  such  a 
uiecbanium  does  not  exclude  (as  has  been  assumed)  the  reinforcement  or  origination 
of  snch  impulses,  and  their  discovery  leares  untouched  the  farts  which  demonstrate 
the  trophic  influence  of  the  cells^  and  the  maimer  in  which  they  arrest  secondary 
d<>generation.  These  functions  are  indicated  by  facts  of  a  totally  different  nature. 
Kronthal's  observaUons  (by  a  new  method)  are  of  great  importance,  and  appear 
intoiwurthy. 
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often  blended*  so  that  the  anterior  gproup  cannot  be  separately  distin- 
guished, as  in  the  right-hand  mid-cenrical  figure.  A  fourth  group, 
usuallj  the  largest,  lies  in  the  outermost  part  of  the  horn,  behind  its 
front,  usuallj  in  the  posterior  outer  angle ;  it  maj  extend  inwards, 
half  waj  across  the  horn.  It  is  called  the  external  or  poeterO'lateral 
group  (p.-L.,  Fig.  69).    These  three  are  the  most  important  groups. 


A^-. 


'^^"d/.^j'r     J, 


Upoer  Dortel 


Mid  Lumber. 


FlO.  69. — Diagrnnis  of  the  gronpt  of  nerve-cells  In  tbe  anterior  eoma.  Onrnpt  t — 
I.,  inner  or  medial  I  ▲..anterior;  ▲.•L.,antero-UteraI;  P.-i*..  poet«ro-lateral;  I.  UP., 
intermediate  lateral  proceu ;  P.  Y.  c,  posterior  vetioalar  column  or  tract.  The  two 
mid-cervical  sectiont  are  only  a  few  millimetrea  apart,  and  ahow  how  the  anterior 
group,  separate  in  the  one,  may  be  blended  with  the  antero-lateral  grdbp  in  a 
neighbouring  part  of  the  cord. 


There  is  in  some  parts  also  a  central  group,  occupying  nearly  the  centre 
of  the  horn.  In  the  small  cornu  of  the  dorsal  region,  often  no  well- 
defined  groups  can  be  made  out,  but  when  anj  can  be  recognised,  thej 
are  generally  the  anterior  and  external. 

Similar  cells,  usually  smaller  in  size,  and  isolated,  are  scattered 
through  the  intermediate  grey  matter,  and  a  group  of  cells  occupies  a 
projection  outwards  into  the  lateral  column  in  the  lower  cenrical  and 
upper  dorsal  regions.  It  was  termed  by  Lockhart  Clarke  the  inter^ 
medio'lateral  tract,  but  which  is  better  designated  the  intermediaie 
process  (or  lateral  horn),  and  the  cells  the  intermediaie  group  (i.  l.  p., 
Fig.  69).     Nerve-cells  also  lie  in  the  grey  matter  of  the  reticulax 
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formations,  lateral  and  posterior,  and  are  sometimet  described  as 
special  groups.  Manj  isolated  cells,  medium  and  small  in  size,  also 
lie  in  the  posterior  horn.  These  are  probablj  connected  with  some  of 
the  fibres  of  the  posterior  roots.  Thej  extend  back  into  the  caput 
eomu  posterioris.* 

In  the  lower  dorsal  and  upper  lumbar  cord,  from  the  eighth  dorsal  to 
the  second  lumbar  nerves,  a  group  of  nenre-oells  lies  in  the  inner  part 
of  the  neck  of  the  posterior  horn,  the  posterior  petieular  column  of 
liockhart  Clarke  (sometimes  called  "  Clarke's  column  ")  (p.  t.  c,  Fig. 
69  ;  see  also  Fig.  78).  Most  of  these  cells  are  fusiform  in  shape,  but 
are  placed  rerticallj,  so  that  thej  appear  round  or  oral  in  transTerse 
aection.  and  their  processes  are  not  seen.  Some,  howerer,  present  pro* 
cesses  that  run  forwards  or  l«u:k wards.  Kerre- fibres  pass  into  and  bj  it, 
which  we  shall  consider  subsequently.  Although  this  tract  is  chieflj 
deTeloped  in  the  lower  dorsal  and  upper  lumbar  cord,  a  few  nerre- 
cells  of  similar  character  are  met  with  in  the  same  position  in  other 
parts,  and  are  occasionallj  sufficientlj  numerous  to  form  a  small 
^roup. 

The  "  gelatinous  "  grej  matter,  grey  euhdance  of  Rolando,  which 
forms  a  cap  on  the  posterior  horn,  caput  comu  poeteriorit  (c.  c.  p.. 
Fig.  64),  differs  considerablj  from  the  spongj  substance.  It  has 
been  described  as  made  up  of  grranules,  but,  according  to  later 
researches,  c^msists  of  a  peculiar  translucent  material  forming  an 
ezoessirely  fine  network,  which,  like  the  rest  of  the  neuroglia,  behaves 
to  reagents  like  horny  materiaL  In  the  embryo  it  is  continuous  with 
that  which  surrounds  the  central  canal.f  but  from  this  it  becomes 
separated  in  the  course  of  deyelopment.  Its  basis  substance  is  thus 
of  neuroglial  nature.  Numerous  nerre-fibres  \maa  through  it  from 
the  post^frior  roots,  and  these,  coursing  forwards,  seem  to  divide 
it  into  columns,  as  it  is  viewed  in  transrerse  section.  A  few  small 
ganghon-cells  lie  in  this  gelatinous  substance,  chieflj  on  the  inner 
side ;  it  also  contains  many  minute  ceUs,  some  of  which  are  thought 
to  be  nenre-cells,  others  to  belong  to  the  neuroglial  tissue.  Bundles 
of  Tertiall  fibres  are  also  seen  in  transrerse  section,  and  these  are 
often  numerous  just  abore  the  caput,  especially  on  the  inner  side  of 
the  horn.  Most  of  these  are  fibres  of  the  posterior  nerre-roots  that 
have  a  vertical  course  for  a  short  distance.  In  Fig.  78  the  axis- 
cylinders  of  these  fibres  are  seen  to  be  changing  from  the  horizontal 
to  the  yertical  direction,  and  their  relation  to  the  fK>sterior  root- 

*  It  is  trcBSrmily  beHered  tkmt  their  branclung  pirocMiei  enter  into  the  plezu  ol 
fibriUa  in  tbs  fjej  Batter,  and  thos  eonneet  these  oellt  with  those  of  the  anterior 
comoa,  and  also  with  fibrea  that  croos  hx  the  potterior  commiavare  and  form  the 
ascending  sensory  pnth  to  the  hraJn.  It  has  hetrn  reemtij  maintained  that  ther«'  is 
nn  actual  nnioB  of  the  fibriOa  in  the  grej  snhttanee,  hot  that  impnlses  paas  irom 
one  to  anoU«r  by  eoBtignity.  or  thnmgh  a  speoal  intermediate  ocmdortinif  material 
(His  and  Ford,  *Car.-hL  f.  Sehw.  Aen^'  1889,  Oct.  Itt).  This  obMTraiion  needs 
confirmation. 

t  CC  Corung,  *arch  f.  mikroa.  Amal^'  xui,  J8S& 
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Gbrea  eaa  be  diatinctly  traced.  The  binder  pnrt  of  the  gelatmoas 
Gubstaace  ie  less  dense  in  structure  than  the  rest,  ajid  is  §ometimea 
distinguished  from  it  as  the  "  spongy  zone."*  The  galatiuoas  sub- 
staace  contains  many  vessels,  running  fur  the  moat  part  rerticaJly. 

WkUe  Subilanee. — We  miiy  now  eiaiiiine,  in  greater  detail,  the  con- 
stitution of  the  irbiteooEvimnsof  the  cord,  aa<i  the  probable  course  and 
function  of  the  fibres  they  contiiin.  Their  analysis  bus  been  greatly 
aided  by  three  facts  ;  continuity  of  degeneration,  difference  in  time  of 
developmeat,  and  the  variatiou  in  the  size  of  the  fibres  of  the  different 
tracts.  1.  It  was  discovered  by  Tiirck  that  in  certain  tracts  iu  the 
white  substance  the  nerve-fibres  undergo  secondary  degeneration  when 
separated  from  their  cells  of  origin,  a  degeueiatiou  analogous  to  that 
which,  as  we  have  alrea^ly  seen,  occurs  in  the  nerve-fibres  outside  the 
cord,  2.  In  the  developing  <;ord  the  fibres  of  different  tracts  acquire 
their  white  substance  at  different  periods,  and  the  study  of  tliese 
differences  (fii'st  by  Flechsig  and  Inter  by  Bec-hterew  and  others)  has 
not  only  confirmed,  but  also  extended,  the  differential  indications 
afforded  by  disease.  It  enables  us  to  make  a  disliuction  between 
fibres  that  do  not  degenerate  separately  or  not  through  &  sufficienliy 
lonij  tract  to  enable  us  to  distinguish  I  hem.  The  groups  into  which 
thia  method  enables  us  to  divide  the  fibres,  and  the  order  in  which 
the  meduUation  takes  place,  are  as  follow  s — 

(1)  Anterior  and  posterior  root-fibren. 

(2)  ^  j-iuneranlerior  column. 

(3)  >  Ground-fibrea  of  the  J  poslero-exterual  column. 

(4)  )  (  outer  anterior  and  lateral  column. 

(5)  Lateral  limiting  layer  and  an tero- lateral  ascending  tract. 

(6)  Pos tero- median  column. 

(7)  Direct  i*ret«llar  tract. 

(8)  Lalcr&l  and  anterior  pynimidal  tracts  (which  in  man  are  first 
medullated  at  the  time  of  birth). t 

3.  The  size  of  the  nerve-fibres  varies  iu  different  tnicts,  but  tho 
full  significance  of  the  variations  has  still  to  1^  ascertained.  Even  ia 
the  same  tract  of  the  cord  considerable  Tariations  are  met  with,  which 
probably  correspond  to  differences  in  function.  When  a  tract  det^e- 
aerates  it  is  common  for  the  degeneration  to  be  incomplete ;  fibres 
remain  intact  among  those  that  perish  ;  this  indicates  a  difference  in 
function,  and  with  it  the  difference  in  size  usually  coincides.  It  is  also 
possible  that  some  of  the  small  fibres  seen  among  larger  ones  may  be 
due  to  the  division  of  the  hitter  (Sherrington) ;  but  such  division 
has  not  liecu  at-'tually  demonstraifd,  and  is  probably  not  frequent. 
The  variation  in  size  is  from  1  to  25  fi  (nlcir  to  -nAm  inch).  The 
variations  are  especially  great  in  the  fibres  of  the  pyramidal  tract. 

■  So  tliRt  iu  wmedeicriptioiiiCbe  poteriiiT  hnrii  i*  divided  into  (I)  tpoa^  nib>    I 
slaiicaof  thi!  horn  ilMlf;  (2)  gv'ktiiiou*  tune  at  tbc  "mimt,"  ku>l  ^3)  apongjr  » 
■t  ths  tip  of  the  liorn.    Si's  Liaiimr,  •  Arch,  f.  I'ljcli ,'  1831*. 

t  Sm  Obentleiuer,  loc  olt,  p.  192. 
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and  it  is  in  these  that  diviaion  has  been  thought  to  occur.  Those  of 
the  direct  c«rebella,r  tract  are  uniformly  large,  while  most  of  those 
that  coD3titut«  the  poatero- median  uoluinn  are  Biiiall. 

It  will  facilitate  the  detailed  studv  of  the  tracts  if  we  couBider 
first  those  that  undergo  secondary  degeneration  for  a,  coasiderable 
distance,  aa  our  knowledge  regarding  these  ia  the  moat  complete. 
These  degenerations  an  both  a.sceadiug  and  descending.     Only  one 


Fto.  70.— DU«T»m  of  tlie  (■l'"n*nt«  of  Hio  whit*  mlutrinee  tt  TBPinni  IpteIi 
of  tlie  apmal  t-ord.  (U.'dtHud  from  Flccliai^.)  Tim  pjniiiiiilul  tr<u:ti  ar* 
*bad«l  bjr  itiurc  boriioiital  liuea;  tbe  direct  eerebellnr  tract  hj  doU;  Clia 
pocterior  mcdiBn  ooliiinit  by  dots,  w  it  drgeDersbea  in  disnueot  the  loweit 
part  of  the  rard  or  of  the  nerroi  of  the  randa  eqnins ;  tba  imall  circln 
In  the  fiirepnrt  of  this  calnma  indicate  tbe  area  which  drgenentes  in 
diMwe  of  tbe  cervical  eoUr|;i'inL'tit.  The  antera -lateral  aacending  tract 
b  ihowa  hy  crouaa.  It  ii  noc  repreoentcd  in  tlie  firnt  reririctti  acction 
bcaoM  tbvra  ara  no  facta,  at  present,  to  ahow  its  exact  poaition  liere; 
It  (irubahly  liea  ehiellj  in  front  of,  and  between,  the  direct  oerebellar  and 
pjrMiDiJal  tncti,  a*  o.  3.  The  auteriuT  eroand-fibrea.  Inteml  liiiiiting 
lnyer.  and  poatero-eiterual  column  are  left  white,     t'ig.  6i  iliould  b* 
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important  set  of  fibres  degenerates  downwards  through  a  considerable 
extent — those  that  continue  through  the  cord  tbe  anterior  pyramids 
of  the  medulla.  Thej  commence  still  higher,  in  the  motor  region  of 
tbe  cortex  of  the  cerebral  hemisphere,  passing  thence  bj  the  "  interna] 
capsule  "  between  the  two  parts  of  the  corpus  striatum,  Ac,  to  the 
cms  aud  pons ;  thej  are  the  chief,  perhaps  the  sole  conductors  of 
voluntary  impulses.  Thev  are  termed  the  pyramidal  tracU  because 
thej  constitute  the  anterior  pyramids  of  the  medulja.  Thej  are  shaded 
bj  short  horizontal  lines  in  Fig.  70 ;  compare  also  Fig.  64. 

At  the  decussation  of  the  pjramids  about  three  quarters  of  the 
fibres  usually  cross  to  the  other  side.  These  pass  down  the  cord  in 
the  lateral  column,  and  constitute  the  lateral  (or  croseed)  pyramidal 
tract.  Those  which  do  not  decussate,  pass  down  their  own  side  of  tbe 
cord,  in  the  inner  part  of  the  anterior  column,  at  the  side  of  the 
anterior  median  fissure,  and  constitute  the  anterior  (or  direct)  pyro- 
midaX  tract,  Flechsig  has  found  that  the  decussation  is  subject  to 
many  variations.  In  the  majoritj  of  cases  the  decussating  fibres  are 
between  70  and  80  per  cent,  of  the  whole.  Sometimes  thej  con- 
stitute a  still  larger  proportion,  and  in  one  case  (of  60  examined)  all 
the  fibres  crossed.  Sometimes  fewer  fibres  decussate,  onlj  one  half 
or  even  less  than  half;  in  one  case  85  per  cent.,  in  another  only  10. 
Ko  case  has  yet  been  met  with  in  which  no  fibres  crossed.  A  few 
fibres  seem  to  decussate,  at  least  in  some  cases,  within  the  pons, 
where  tho  paths  for  the  tongue,  &c.,  cross  the  middle  line,  since 
slight  degeneration  from  a  cerebral  lesion  has  been  found  in  the 
opposite  pyramid  of  the  medulla  oblongata.* 

The  lateral  pyramidal  tract  occupies  the  posterior  half  of  the  lateral 
column,  outside  the  posterior  comu.     It  extends  down  to  the  end  of  tbe 
cord,  even  when  it  is  originally  small.    Hence  those  fibres  that  do  not 
cross  at  the  medulla  must  do  so  lower  down  in  the  cord.    Through  the 
greater  part  of  the  cervical  and  dorsal  regions  this  lateral  tract  is 
separated  from  the  surface  by  a  narrow  layer  of  fibres,  the  direct  cere- 
hellar  tract     In  the  upper  part  of  the  cervical  region  (third  cervical 
segment)  this  tract  lies  farther  forwards,  so  that  the  pyramidal  tract 
comes  up  to  the  surface  close  to  the  posterior  comu  (Fig.  68,  c.  8), 
and  here,  if  the  tract  is  small,  there  maj  be  a  depression  on  the  sur- 
face.    In  the  lower  part  of  the  dorsal  cord  there  is  a  similar  move- 
ment forwards  of  the  cerebellar  tract,  so  that  the  pjramidal  tract 
again  comes  in  contact  with  the  surface  posteriorly  (Fig.  68,  D.  12), 
and,  as  the  cerebellar  tract  ceases  at  the  last  dorsal  nerve,  the  pyra- 
midal tract  extends  up  to  the  surface  throughout  the  lumbar  enhtrge- 
meut  (Fi^.  63,  l  4>).     The  inner  side  of  the  tract  is  in  contact  with  the 
hinder  part  of  the  posterior  comu,  near  the  surface,  throughout  the 
entire  length  of  the  cord,  but  further  forwards  it  is  separated  from  the 
neck  of  the  cornu  and  intermediate  grey  substance  by  a  layer  of  nerve- 
fibres,  termed  by  Flechsig  the  lateral  limiting  layer  (L.  l.  l..  Fig.  64), 
*  Hadden  aud  Slierringtou,  '  Brain,'  viii,  502,  pi.,  fig.  1. 
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Among  the  fibres  of  the  pyramidal  tract,  in  the  dorsal  and  <.-ervica] 
regions,  di^neratiou  reveals  a  few  other  fibres  that  belong  chiefi; 
to  the  cerebellar  tract.  The  lateral  pyramidal  tract  dimioisbes  in 
siie  from  above  downwards  as  its  fibres  end  b;  entering  the  grej 
m&tter;  those  that  extend  lowest  (for  the  leg)  occupy  the  posterior 
part  of  the  tract  in  the  cervical  region.  The  fibres  curve  iuwards 
•.long  the  septa  that  eitend  from  the  grey  matter  into  the  lalerul 
column,  and  they  enter  the  grey  matter  between  the  anterior  and 
posterior  cornua.  They  pass  inwards  and  forwards  in  the  anterior 
conin,  and  are  then  lost  in  the  complicated  structure  of  the  grey 
matter.     Their  probable  termination  will  be  considered  presently. 

The  anterior  or  direct  pyramidal  tract  (called  also  the  "  column  of 
Tiirck  ")  descends  the  cord  in  the  inner 
part  of  the  anterior  column,  adjacent 
to  the  anterior  median  fissure.  Its 
exact  form  and  size  vary ;  usually  it 
bounds  the  fissure  on  each  side  ;  some- 
times it  forms  only  a  small  tract  at 
thepoiiteriorpart  of  the  fissure;  when 
l&rge,  it  not  only  reaobes  forward  to 
the  front  of  the  cord,  but  may  cause  a 
prominence  on  the  surface  bounded 
by  a  distinct  sulcus.  Its  extent  down 
the  cord,  always  less  than  that  of  the 
lateral  tract,  varies  according  to  its 
size.  It  steadily  lessena  in  area,  snd, 
if  originally  small,  may  not  extend 
beyood  the  middle  of  the  cervical  en- 
largement ;  if  originally  large,  it  may 
be  traced  as  far  as  the  lumbar  enlarge- 
ment (Fig.  71) ;  when  bearing  the 
usual  proportion  to  the  lateral  tract, 
it  ceases  about  the  mid-dorsal  region. 
Most  of  the  fibres  pass  through  the 
anterior  commissure  to  the  oppo- 
site side,  either  entering  at  once 
the  grey  matter,  or  passing  first  to  the  lateral  tract.  The  latter 
is  probably  the  course  of  most  of  the  fibres  when  the  pyramidal 
decussation  is  small.  Whether  any  fibres  end  in  the  grey  matter  on 
tbe  same  side  of  the  cord  we  do  not  know. 

Disease  of  the  brain  destroying  the  motor  cortex,  or  the  fibres  which 
descend  from  it  to  the  pyramids,  causes  descending  degeneration, 
Dsually  limited  (at  least  in  conspicuous  degree)  to  the  related  pyra- 
midal tracts, — anterior  on  the  same  side,  lateral  on  the  opposite  side 
(Fig,  72).  But  in  many  cases  slight  degeneration  has  been  also  found 
in  tbe  lateral  tract  on  the  same  side,  extending  into  the  lumbar  region. 
Uence  it  is  probable  that  some  fibres  of  each  anterior  pymmid  find 


Flo  71  — Aiicdi  1  vg  and  dciwna 
I  g  dege  e  ■  o  (  rom  mjelit  ■ 
of  thg  m  d  danal  r«(.  onj  tbs 
upper  Mctioa  ■  from  tha  lower 
rer  1  il  mnd  ihowi  t  e  Haceod  n^ 
deiteneration  of  tha  poit.-inediaa 
ccjumn  ipniiding  oat  a^inat  tha 
commitiare.  The  olher  Siinre  ta 
Trom  the  lower  dorul,  and  diowi 
df-genenllon  of  tha  pjrnmidal 
tnota,  anterior  and  lateral. 
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their  waj  to  tl  e  l&terol  tract  on  the  same  side,  mnd  descend  to  thi 
corretpoDding  limbs,  especiftUj  to 
the  \«g.  Tbia  degeneration  of  the 
lateral  tract  on  the  tame  lide  at 
the  lesion  is  sometime!  rerj  marked 
just  below  the  decussation  of  the 
pyramids,  and  has  therefore  been 
thought  not  to  be  dne  to  anj 
lower  re-decusaation  in  the  cord.* 
Nevertheless  facta  sulfating  that 
there  is  such  a  re^ecussation  in 
dogs  and  mooke^s  have  been  ascer- 
tained bj  8herriDgton,t  but  the 
anatomical  relationin  man  betmen 
each  anterior  pTramid  of  the  me- 
dulla and  the  anterior  roota  of 
the  same  side  must  be  regarded 
as  still  uncertain.  That  there  is 
such  a  phjsiolot^cal  relation  is 
clearlj  indicated  bj  clinical  facts. 
We  shall  afterwards  see  that  there 
is  abundant  endeaca  that  each 
hemisphere  of  the  brain  is  con- 
nec-ted  with  both  l^s,  although 
chiefly  with  that  of  the  oi>posite 
side.  There  is  also  a  similu  and 
even  more  equal  connection  with  the 
trunk  muscles,  and  a  slighter  con- 
nection with  certain  muscles  of  the 
arm.  Such  moscles  inrariablj  re- 
gain some  power  on  the  paralysed 
side,  eyen  with  a  complete  inter- 
ruption to  the  motor  path,  and  thej 
are  weakened  on  the  unparaljsed 
aide.  The  subject  is  considered 
further  in  toL  ii.  On  the  whole, 
the  facts  hitherto  ascertained 
suggest  that  the  arrangements 
which  subserve  this  relation  vai^ 

Fio.72.-DMcendin«  drgenemUon  rf     i^  different  persons,   inst  as  does 

tbe    pyrnmidul   IrecU  la   S  caw  of       ^,  ,  ■    ,  j  ^-  ,   ., 

heniipiegU  from  diieu«  of  tha  right     ''he  Chief  decusaatioD  of  the  pjrra- 
cerebral   lieiniapiiere.  ^  (Prom  uc-     mids.  The  fibres  probably  in  some 
cases  continue  downwards  on  the 


tioDi  prepHred  by  Dr.  Mott.) 


■  ntrea,  'Arch,  da  Phjiiologie,'  1874;  Hidden  and  BberringUm,  ' Bnin,' Ju., 
iSSR.  An  illuitntton  of  thii  blUtcrml  degeneration  will  be  foand  in  tb*  eactloD  oa 
DiBeBsei  of  the  Bmin,  vol.  ii. 

t  "  Everj  unilateral  leiioa  iudacei  dcgeneratioD  in  both  lateral  pyramidal  tn«tt, 
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•aine  side  until  tliej  reach  the  level  of  grey  matter  for  which  they  are 
destined.  In  other  cases  most  or  many  of  them  cross  at  the  bulbar 
decussation,  to  recross  near  the  level  at  which  thcj  end.  In  this  case* 
moreover,  it  is  evident  that  the  presence  of  visible  degeneration  in 
the  lateral  column,  due  to  the  decay  of  these  fibres,  will  depend  on 
the  distance  of  their  re-decussation  above  their  ending.  If  they  cross 
only  when  they  have  to  enter  the  grey  matter,  they  will  have  no 
recognisable  place  in  the  pyramidal  tracts.  Lastly,  there  is  the  pos- 
sibility that  a  connection  between  the  motor  cells  or  structures  of 
the  two  sides  may  supplement  the  re-decussation.* 

How  do  the  fibres  of  the  pyramidal  tract  end  ?  They  seem  all  to 
pass  into  the  intermediate  grey  matter,  and  forwards  into  the  anterior 
comu,  among  the  motor  nerve-cells.  Tbere  they  are  lost  in  the  plexus 
of  the  spongy  substance.  There  is  strong  indirect  evidence  that  they 
divide  and  subdivide,  and  that  their  ramifications  join  the  plexus  ot 
nerve-fibrillffi  constituted  by  the  dividing  processes  of  the  ganglion- 
oella.  The  evidence  of  this  is  twofold.  As  far  as  is  at  present  known, 
only  one  process  of  a  ganglion-cell  becomes  an  axis-cylinder;  the 
others  divide.  The  axis-cylinder  process  passes  into  an  anterior  root ; 
it  can  be  seen  to  do  so  in  the  case  of  some  ganglion-cells  (Fig.  60), 
and,  aa  we  have  seen,  the  number  of  ganglion-cells  and  ante- 
rior root- fibres  is  nearly  the  same  in  the  frog,  and  therefore,  pre- 
sumably, in  man  also.  Since  some  root-fibres  are  not  motor,  the 
number  of  motor  cells  may  safely  be  assumed  to  be  at  least  not 
smaller  than  that  of  the  motor  fibres ;  thus  each  fibre  will  have  at 
least  one  cell  related  to  it.  If  so,  since  the  pyramidal  fibres  are 
certainly  connected  with  the  ganglion-cells,  the  connection  can 
only  be  by  the  ramifying  processes  of  the  cells,  and  this  involves 
a  division  of  the  nerve-fibre.  The  dividing  fibre  isolated  by  Oerlach, 
and  shown  in  Fig.  61,  may  have  been  a  branch  of  a  pyramidal  fibre. 
The  second  point  in  evidence  of  division  is  the  fact  that  the  nerve- 
cells  and  root-fibres  must  be  many  times  more  numerous  than  the 
fibres  of  the  pyramidal  tract. f  But  all  (or  at  least  most)  of  the 
motor  root-fibres  may  be  stimulated  through  the  pyramidal  fibres, 
and  therefore  each  of  the  latter  must  be  connected  with  several  gan- 
glion-cells.   Physiological  considerations  suggest  the  same  conclusion. 

th«  nnaller  degenermtion  (on  the  same  lide  as  the  lesion)  being  most  pronounced  iii 
the  cenrical  and  Inmbar  enlargements,  immediiitely  above  whit-h  regions  it  is  often 
abaent.  It  followt,  therefore,  that  the  degeneration  on  the  same  «ide  hs  the  lesion 
is  a  'recroased'  degeneration.  Further,  the  lower  regions  mnj  even  contain  more 
degenerated  fibrea  than  the  npper  ones ;  and  as  degenerated  fibres  can  often  be 
traced  for  a  long  dbtance  in  pairs,  it  is  inferred  that  the  fibres  of  the  pyramidal 
tracts  divide  into  two  '*  (Sherrington). 

*  Broadbent,  Uadden.  In  a  unilateral  lesion  of  the  cord  the  paralysed  foot  may 
move  with  the  other.  Such  a  connection  of  nuclei  was  originally  suggested  by 
Broadbent  to  eipUin  the  association  of  bilateral  movements. 

t  The  total  area  of  the  anterior  roots  of  the  cord  is  probably  at  leaat  five  timea 
as  great  as  that  of  the  pyramidal  tracts  in  the  upper  cervical  region. 
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Let  U8  DOW  consider,  for  a  moment,  tbe  wliole 
motor  path,  from  tbe  cortex  of  the  brain  to  the 
muscles.  We  mav  regard  it  as  composed  of  two 
segments,  an  upper  and  lower  (Fig.  73).  Each 
consists  of  a  ganglion-cell  above,  a  nerve-fibre, 
and  tbe  terminal  ramification  of  tbe  latter.  The 
uf>per,  "  cerebrospinal  "  segment  consists  of  tbe 
cortical  ganglion-cell,  and  tbe  **  pyramidal "  fibre, 
which  proceeds  from  tbe  cell,  passes  tbrougb  the 
brain  and  cord,  and  ends  in  tbe  grej  substance 
by  division  and  terminal  connection  with  several 
nerve-cells,  Tbe  lower,  "  spino-muscular "  seg- 
ment consists  of  the  spinal  motor  cell,  and  tbe 
fibre  proceeding  from  this,  which  passes  tbrougb 
the  anterior  root  and  nerve-trunk  to  the  muscle, 
where  it  divides  and  ramifies  on  tbe  muscular 
fibre.  Thus  each  segment  has  a  similar  const i- 
tution— cell,  fibre,  terminal  distribution.  The 
elements  of  the  two  segments  do  not  correspond 
in  number,  since,  as  we  have  jjst  seen,  each 
cerebro-spinal  element  is  connected  with  manj 
spi no-muscular  elements.  So,  too,  each  motor 
fibre  is  connected  with  a  considerable  area  of 
excitable  muscle- tissue.  It  will  be  found  that 
this  conception  of  the  motor  path  conduces  to 
clearer  ideas  of  manj  facts  of  disease,  and  it  is 
important  to  grasp  it  firmly.  We  shall  see,  for 
instance,  that  diseases  involving  any  part  of  a 
segment  produce  similar  effects,  however  diverse 
their  nature  ;  while  there  is  a  fundamental  differ- 
ence between  the  effects  of  disease  of  the  two 
segments.* 

Fibres  that  degenerate  downwards  through  tbe 
greater  part  of  the  cord  are  also  scattered 
through  the  antero-lateral  column,  in  a  zone  that 
extends  beneath  the  surface  between  tbe  direct 
pyramidal  tract  and  tbe  direct  cerebellar  tract. 
Some  are  mingled  with  tbe  fibres  of  the  ascend- 
ing antero-lateral  tract  presently  to  be  described ; 


Fio.  73. —  Dinsrram  of  an  element  of  the  motor  piith.  u.  8., 
upper  segment ;  L.  8.,  lower  segmeot;  O.  C,  cortical  cell; 
8,  C,  spiiiHl  cell;  ▲•  a,  anterior  coma;  M.,  muscle;  the 
dotted  line,  at  the  level  of  8.,  indicates  tbe  janction  of 
the  two  segments ;  8.,  path  from  sen»ory  nerve-roots. 


*  I  have  found  this  conception  of  the  motor  path  of  so  much  practical  Talne  that 
it  may  be  worth  while  to  mention  the  curious  coincidence  that,  a  few  months  af\er  its 
publication  in  the  first  edition  of  this  book  (in  August,  1886),  nearly  the  sam« 


Fl».  TSa. — DegcDCTBtioo  of  tha 
M>t«ro>kteTml  Mcendlng  tnet  in 
BOM  of  loeomotOT  kUkj  (q.  *■ 
Agon),  abowinK  tU  podtion  in 
tht  npp«r  earvleal  ragion,  whor« 
Um  dinet  MrabcllHT  tnot  puM* 
oaUids  it  into  tlie  raitirono  bodj> 


Pio.  74.— Appending'  drgrrae- 
ntion  in  th*  pottno-mtMiian 
mlnmn  and  antero-Uiinl 
•Mmilin^  tnct.  Thocord 
waiemihedattha  flrftlnm- 
bar  wginent. 


Fia.  76.— DegcneraUon  after 
injmy  to  the  cauda  aqaiDa. 
Ca,  b,  c,  npper  inlddli  and 
lower  cerrial;  Da,i]pper| 
b,  0,  lower  donal ;  L  aa 
npper ;  and  L  b,  midillp  lum- 
bar region.  (After  Scbul  tie.) 


4ea    wM    rtBt«d  (no    donbt   indcpendentlj),  and    «Teii    the    aama    terminologj 
iMplojad,  bj  Dr.  t.  Banc  in  tb* '  CMttmlblatt  t.  Nnreiikr,'  Oct.  16Cb,  1886. 
TOL.  t.  12 
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oUien  lie  bene&tli  this.  It  is  poatiible  that  thej  mil;  belong  to  tht 
croHed  p.TTamidal  tract.  The;  h&ve  been  termed  b;  Foitar  tii* 
deieending  anUra-laleral  tracL* 

Fibrei  degenerate  upwards  in  both  the  l&terkl  and  the  posterior 
columns.    We  ma;  consider  the  latter  first. 

Each  poalerior  column,  as  ve  hare  seen,  is  divided  bj  th«  imperfect 
"intermediate  septum"  into  two  parts, — a  narroir  "  post«ro-mediaii 
column,"  and  a  wider  "  postero-ezternal  column"  (Fig.  6i).  Seooiu 
darfd^eneratioaconfinnsthisdistiDction.  If  the  posterior  colnmniin 
ioterrupted  aojwhere  in  tbeir  course,  ascending  degeneration  resnlU; 
and  this,  a  short  distance  above  the  lesion,  is  confined  to  the  posterior 
median  column  (Figs.  71,  74,  7fi),  in  which  the  degenerationoontinoa 
upwards  to  the  medulla  oblongata,  and  ends  there  as  the  grej  mstter 
of  the  "  poet-pyramidal  nucleus."  The  fibres  of  these  median  columiu 
Fio.  76.  Fio.  7T. 


i.  ool.i  Aight  dagaMi^ 


pig.  7S. DegeDPratiniiiftftBraleitonof  tht  cord  In  tbs  lower  part  of  tbgrarricsl 

ro^on.  A,  higheit  ccrvio*! ;  B,  middle  cirricil  I|  om.  abova  luioo.  DageursttM 
o(  the  potlcriur  median  oolDmm.  aiireading  ilLghtlj  ia  A  and  wldelj  in  >  into  tts 
port.  Bit.  col.  Tlia  nature  of  the  cirenmfsreutial  drtcennatioa  ia  ancatsiaill 
ig  pwbablj  a  putial  macending  degeneratioD  act  op  by  peripheral  mjcUUi. 

C  upper  dnraal  I  om.  below  le*ion.     Degeneration  of  the  lateral  pyrr— 'J-'  *—-*-- 
"comma-iliaped"  dcgaiieratlon  in  front  of  the  p    "        ' 
tion  of  the  anterior  (tround-librea.     (Schultie.) 

Fia.  77.— Aiceodirig  defeneration  alter  injury  to  the  lowwt  part  of  th«  aptid 
cord  and  aeiatio  nerve-roolaariiing  from  it.  A,eerviciil;  s,  lower  dorul  t  a,Jiinetio 
of  donal  HDd  lumbar  rigioni;  B.  middle  of  lumbw  enlargement.     (After  SchnltM;) 

degenerate  in  the  same  way  when  the  lesion  is  not  in  the  and,  bnt 
ia  the  posterior  nerve-roots  (ae  of  the  cauda  equina.  Fig.  70).    HesM 
•  Foater, 'Phytiolc«y,'1890,  p.878.    See  alao  Baddeu  aud  SbTringtoo. 'Bni^' 
toL  vUi ;  and  Tooth,  'Secondatj  DegeuenOou  of  the  S^ual  Corf,"  1S8B. 
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it  is  clear  that  tbese  fibres  are  continued  upwards  from  the  posterior 
nerre-roots  without  iuterruptioD.  The  contrast  between  these  dege- 
nerated columns  and  the  undegenerated  external  columns  through 
the  greater  part  of  the  cord  above  the  lesion  (Fig.  74)  is  yerj  striking. 
But  just  aboTe  the  lesion  the  degenemtion  is  not  confined  to  the 
median  columns;  it  spreads  out  into  the  external  columns,  espe- 
cially towards  the  hinder  surface,  and  the  more  extensively  the 
nemrer  to  the  lesion,  until  close  above  this  the  degenerated  fibres 
occupy  the  whole  extent  of  the  posterior  column,  except  a  small  area 
dose  to  the  posterior  cornu.  This  is  due  to  the  fact  that  the  fibres 
pass  to  the  median  column  through  the  hinder  part  of  the  external 
column.  It  is  the  same  whatever  is  the  seat  of  the  lesion,  whether 
it  is  in  the  cervical  (Fig.  76),  dorsal,  or  lumbar  (Fig.  77)  parts  of 
the  cord ;  and  if  it  is  in  the  cauda  equina,  the  degeneration  spreads 
out  in  the  same  way  in  the  lumbar  enlargement  (Fig.  75).  This 
shows  clearly  that  all  the  way  up  the  cord  fibres  pass  to  the  median 
colum^n  from  the  external  columu,  and  that  these  are  uncrossed  fibres 
from  the  posterior  roots.  As  the  fibres  ascend  the  cord  in  the  median 
column,  thej  come  to  lie  posteriorly  in  proportion  as  their  source  is  lower. 
Those  from  the  sciatic  nerves,  for  instance,  in  the  lower  cervical  cord 
only  occupy  the  posterior  half  of  the  columns  (Fig.  77).  Those  from 
the  whole  lumbar  enlargement,  or  whole  cauda  equina  (Fig.  74),  reach 
forward  to  the  commissure  in  the  lower  cervical  region,  spreading 
out  a  little  near  the  commissure,  where,  however,  the  degeneration  is 
much  less  dense  than  it  is  behind.  Above  the  middle  of  the  cervical 
enlargement  the  degeneration  from  a  lesion  in  the  dorsal  or  lumbar 
r^ions  does  not  extend  forwards  beyond  the  junction  of  the  anterior 
and  middle  third  of  these  columns  ;  but  if  the  lesion  is  in  the  cervical 
region  the  degeneration  extends  up  to  the  commissure,  even  at  the 
level  of  the  second  cervical  segment  (Figs.  7^^  ▲,  Q6),  showing  that 
the  fibres  from  the  cervical  roots  occupj  the  anterior  portion  of  these 
columns. 

It  is  important  to  remember  that  the  root-fibres  that  pass  to  the 
median  column  through  the  external  column  do  not  decussate.  This 
is  not,  however,  the  onlj  source  of  fibres  to  the  median  column. 
Fibres  pass  to  it  (I)  from  the  neck  of  the  posterior  bom,  across  the 
anterior  part  of  the  external  column,  curving  backwards  (Fig.  78.  x)  ; 
many  of  them  extend  almost  to  the  postero-median  septum.  They 
come  from  the  laver  of  fibres  that  lies  in  the  inner  part  of  the  neck 
of  the  cornu,  on  the  inner  side  of  the  vesicular  column  where  this 
exists.  Some  of  them  may  be  distinctly  seen  to  turn  backwards  in 
the  neck,  as  if  they  come  either  from  the  posterior  roots  or  from  cells 
near  the  caput  cornu.  It  is  possible  that  others  may  be  fibres  from 
the  posterior  commissure.  (2)  From  the  posterior  commissure  in 
the  middle  line  (^S\%*  78).  These  are  very  numerous  and  conspicuous 
in  the  lumbar  enlargement.  They  course  backwards  in  the  septum 
and  then  pass  outwards  on  each  side  into  the  adjacent    column. 
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Flechiig  believes  tbat  these  are  posterior  root-fibres.  Thejr  ma;' 
easily  decussate  in  tbe  septum,  but  sucb  decussatioa  has  not  been 
prored. 

In  tbe  lower  lumbar  region  tbere  is  a  narrow  tract  of  fibres  cIob«  to 
tbe  posterior  median  Eeptuni,  tbat  is  apparently  of  different  nature 
from  the  rest  n£  the  coluroa.  It  is  lenticular  on  transverse  settion.  and 
is  iBdicuted  by  the  clear  area  is  x.  4,  Fig.  70.  and  faintly  in  L  b. 
Fig.  75.  It  is  distin^uisbed  by  a  difference  in  time  of  development 
(Fleclisig),  and  by  freedom  from  tbe  secondary  degeneration  that 
involves  the  rest  of  the  column. 

It  is  very  doubtful  whfther  all  the  fibres  that  enter  the  poBtei 
mediun  columns  continue  in  these  to  the  medulla.  Some  certainly 
but  the  upward  increase  iu  size  of  tbe  columns  seems  to  be  far  too 
small  for  the  accommodation  of  all  tbe  fibres  tbat  seem  to  pass  to  them. 
At  tbe  same  time  we  have,  at  present,  no  indication  of  the  mode  in 
which  fibres  leiive  these  columns. 

At  tbe  medulla  oblongata  tbis  column  becomes  filled  with  nerve- 
oells,  the  pott-pyramidal  nudeut,  go  called  because  tbe  highest  por- 
tion of  this  column  has  been  termed  the  posterior  pyramid  of  the 
medulla.  It  is  also  called  the  nucleus  gracilis.  Tbe  discovery  that 
the  fibres  of  this  column  are  continuous  wilb  the  nerve-roots  invests 
the  post-pyramidal  nucleus  with  considerable    importance,  since  it> 


hat  _ 
do»1 


.^^ 


Pl».  78.— Poiterid 


Tioimt)'  md  Interlnr  n!  tlie 
iBtenl' column,  to  rurin  ikv  d 
from  tbe  neck  ot  tbe  horn,  ni 


minntlheln-td. 

.r>ul »ftrin.rt.     r.  X. C, pnstmo. 

■eitemil  rolunin 

t  p.  M.  ■.,  pf^terior  nie<liin  Mp- 

ein.    r.  v.  c.,po«leHar  vnieuUr 

L,  poi'eriorroot, 

[  a.  sn  Brt*rj  ;  d,  d.  d.  a.>e^t 

oiifr   the   (rpU   ot  tk*^ 
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nerve  cells  are  tlie  first,  witli  which  these  root-fibres  are  connected, 
and  the;  arrfBt  secondary  degeneration.  The  upward  degeneration 
of  the  median  fibres  implies  upward  conduction;  their  probable 
function  will  be  considered  in  the  nest  Bcction. 

The  pottero-exlemai  column  ("  column  of  Burjach."  containinf;;  the 
"posterior  root-zone"  of  Chaicot)  consists  chiefly  of  Tertical 
fibres.  Many  of  the  posterior  root-fibres  pa.H8  through  it,  horizontally 
or  obliquely  (Fig.  64).  These  eilber  curve  inwards  to  the  posterior 
horn  (some  first  iucliuing  upwards),  or  pass  obliquely  upwards  and 
mwarda  to  the  median  column  and  constitute  the  fibres  of  this  column 
that  are  continued  from  the  nerve-root.  Across  the  anterior  part 
fibres  also  pass,  as  just  described,  between  the  neck  o[  the  posterior 
bora  and  the  median  column.  Tbe  vertical  ground  fibres  of  the 
external  column  have  ai^pureiitly  only  a  short  course,  since  they 
degenerate  for  only  a  few  centimetres  above  or  below  a  lesion.  The 
longest  descending  degeneration  is  of  a  "Co  mm  a- shaped  tract,"  in 
the  middle  of  the  anterior  third  of  the  eolumn  in  the  dorsal  region, 
which  degenerates  downwards  for  l<iur  or  live  centimetres  (Fig.  76). 
These  vertical  fibres,  of  short  course,  may  connect  the  grey  matter  of 
the  posterior  horn  at  different  (but  adjacent)  levels.  This  column  is 
Urger  in  the  swellings  than  it  is  in  tbe  dorsal  region,  chiefly  in  con- 
sequence of  the  larger  number  of  root-fibres  thiLt  pass  through  it. 
Above,  it  also  ends  in  a  grey  nucleus,  the  potlero-exteraai  nucleus 
or  eitaeale  nucleus. 

Both  these  posterior  nuclei  are  connected  directly  with  the  cortex 
of  tbe  opposite  hemisphere,  and  chiefly  with  the  ascending  parietal 
convolution.  Fibres  also  pass  from  theni  to  the  cerebellar  hemi- 
sphere of  their  own  side,  which  is  connected  with  the  same  region 
of  the  opposite  cerebral  cortex  by  the  superior  cerebellar  peduncle.* 
Tbe  two  nuclei  (of  both  sides)  are  also  found  (by  developmental 
researches)  to  send  fibres  through  to  the  inferior  cerebellar  pe- 
duncle.t  and  fibres  pass  from  the  posterior  median  nucleus  to  the 
middle  lobe  of  the  cerebellum  on  the  same  side,}  a  fact  of  consider- 
able significance. 

Tbe  "  direct  cerebellar  tract "  is  another  series  of  fibres  that  de- 
generate upwards.  It  forms  a  layer  at  the  periphery  of  the  lateral 
column,  outside  tbe  pyramidal  tract  (Fig.  €4),  but.  does  not  extend 
through  the  whole  length  of  the  cord,  ceasing  below  at  the  level  of  the 
lirst  lumbar  ni'rve  (Fig.  70).  The  anterior  part  of  the  tract  (as  seen 
in  section)  does  not  extend  forn'ards  beyond  the  level  of  the  lateml 
pyramidal  tract,  although  it  was  formerly  thought  to  do  so  because 
there  are  other  fibres  in  front  of  it  that  ul$o  degenerate  upwards, 
and  these  were  not  dJstiuguished  from  those  of  the  tract.  But  near 
ila  upper  and  lower  extreuiities,  at  tbe  level  of  the  second  cervical 

•  S«e  FlechiiK  lud  Howl. '  Neurol.  Cent.,'  18!K),  p.  4t7. 

t  DkrkiclieHiMcli  and  Freud,  iii.,  1886.  p.  121. 

i  Bwbterew, '  WjUtmk  Fijcb,,  In:,'  1086. 
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nervea,  and  also  in  the  lowest  part  of  the  dnrsttl  region,  the  tract  lies  a 
little  anterior  to  its  position  in  tlie  rest  of  the  corH,  and  hence  at  these 
places  the  pjramiilal  tract  comes  to  the  surface  bebind  the  cerebtUnr 
traet,  close  to  the  posterior  nerve- roots,  up  to  which  elsewheie  the 
cerebellar  tract  extends.     The  tract  increases  somewhat  in  size  from 
below  upwards,  and  hence  receives  fibres  throughout  Us  course,  hut 
most  of  its  cunstiluent  lihres  enter  it  at  the  level  of  the  lowest  dorsal 
dud  first  lumbar  nerves,  t.  e.  at  its  lowest  part.     Those  fibres  come 
from  the  grey  substanoe,  passing  through  tbe  lateral  coluom,  along 
the  septa  that  cross  the  pyramidal  tract  from  the  grey  matter,     la  J 
the    latter    these    fibres     are     conspicuous    objects    at    this    le*dfl 
(Vig.  ?8,  d,  d),  passing  transversely  and  obliquely  from  the  fronn 
of  tbe  posterior  vesicular  column.     Into    this   many  of   them  can 
be  traced;  others  chai>ge  their  direction  and  become  vertical,  per- 
haps passing  into  the  vesicuhir  column  at  a  different  level.      It  is 
probable  that  tbe  fibres  come  from  this  column;  the  cerebellar  inwt.  | 
is  cbiefiy  formed  at  that  part  of  the  cord  at  which  the  eohn 
developed,  and  the  cl-IIs  of  this  column  have  been  found  atro|ihie 
when  the  cerebellar  tmct  is  degenerated."     Besides  the  fibres  thiit  a 
gathered  into  the  compact  cerebellar  tract,  others,  apparently  I 
ing  to  it,  ascend  among  those  of  the  adjacent  pyramidal  tract. 

The  cerebellar  tract  only  degenerates  when  a  lesion  of  the  cord  U 
or  above,  its  place  of  origin,  the  junction  of  the  dorsal  and  lum 
regions.  If  the  lesion  is  ia  the  lumbar  enlargement,  aa  in  the  c 
shown  in  Fig.  74,  the  tract  does  not  degenerate. 

At  the  level  of  the  first  cervical  nerve  (where  the  pyramidal  tmct  ' 
leaves  the  lateral  column  to  cross  into  tbe  anterior  pyramid  of  tbe 
medulla)  the  cerebellar  tract  lies  in  front  of  the  "grey  substance  of 
Rolando  "  (formed  from  tbe  caput  cornu  posterioris),  and  passes  up,  in  . 
the  restiform  body,  to  the  ceiebeilum.    Since  it  degenerates  upwards  win 
must  conclude  that  it  also  conducts  njiwards.t  ■ 

We  have  seen  that  the  lateral  pyiamidal  tract,  although  in  contact,  I 
behind,  with  tbe  head  of  the  posterior  cornu.  does  not  eitend  quite 
np  to  the  neck  of  the  horn  or  to  the  intermediate  grey  substance, 
the  two  being  separated  by  a  "  lateral  limiting  layer  "  of  vertical  fibres, 
in  part  broken  up  by  processes  from  the  grey  matter.  In  the  upper 
cervical  cord,  and  also  to  a  less  extent  in  tbe  dorsal  cord,  this  layer 
extends  forwards  outside  the  anterior  horn,  which,  in  these  parts,  is 

•  S.ff.  hy  Miiiko«-k[. '  Deut.  Arch.  f.  kl.  Med.,'  M-  iiliv,  p.  433.    Bligbt  degea^J 
ration  of  (he  pyramidBl  trict*  wai  the  oulj  othvr  1e>ioi>.  H 

f  In  the  mhtance  of  evidrnee  or  cnnlnr;  cliflTacter,  the  direction  in  vhich  flbriM 
conduct  mitit  be  uiunicd  Co  be  [hut  In  which  tbei  dpgfnpralo.     We  kuow  of  Mtl 
eicepliont  to  it  witliin  tbe  centrvl  nervoui  lystem.     Wberever  we  cen  abierv*  th« 
relatioiia  tliii  law  obtain*,  except  in  the  peripiieral  aentoij  Derm,  in  which  th«  con- 
dilioni  are  coiia|iicuouil.v  vKrepiional.     Hi'Dcd  the  probBhilil;^  ii  very  ^reat  that  the 


«orre*pondence  obtain' 
tbe  probability   beoiu* 
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Bwrow.  It  oonsista  of  fins  fibres  that  seem  to  pass  into  and  ont  of 
the  gTe;  matter.  This  course,  and  the  &ct  that  the  tract  does  not 
degenerate  through  an;  considerable  extent,  taggest  that  its  fibres 
hare  but  a  short  course,  and  connect  the  grej  matter  of  adjaoent 
r^oot. 

There  is  a  small  tract  of  fibres,  all  of  small  size,  at  the  jnnctton  of 
the  tip  of  the  posterior  horn  and  lateral  colamn  known  as  Lissauer's 
tntet.  The  fibres  come  from  the  posterior  roots  ;  thej  course  upward 
for  a  short  distaooe,  forming  the  tract,  and  then  enter  the  posterior 
horn. 
The  rest  of  the  lateral  column,  in  front  of  the  pyramidal  and  cerebellar 

tracts,  consists  of  fibres  that  rar;  in 

■ise,  course,  and  date  of  development. 

Secondary  degeneration,   however,  as 

I  pointed  out  some  years  ago,*  enables 

OS  to  distinguish  an  important  tract 

which  occupies  an   irregular  area  in 

front  of  the  pvramidal  and  cerebellar 

, .  a      J  i  J  Fio    79  — Cer»i«l   lection      Ai- 

b>ct.,      iiid     d.g.ner.l«      upw«td.  „,j„,  a.j.„„„„„  „  p„,. 

throughout     the     cord.         It     extends  med.  col.  and  nnt.-laC.  iiMnding 

acruss  the  Uleral  column,  as  a  band  tr.ct.Moond.rj  to  >  lerioo  in 

,  .    ,    «„  .1^  II.,  .t  t™    dc>™l    wgion.     (From    n 

which  fills  op  the   angle  between   the  lectLon  prepared  by  Dr.  Mott.) 

pyramidal  and  cerebellar  tracts,  and 

it  reaches  the  surface  of  the  cord  in  front  of  the  latter  tract,  nearly 
on  a  loYel  with  the  anterior  commissure  ;  tt  then  extends  forward  in 
the  periphery  of  the  anterior  column,  almost  to  the  auterior  median 
fissure,  and  up  to  the  direct  pyramidal  tract  when  tbis  exists.  I 
have  termed  it  the  anlero-laterai  ateending  tract  (Figs.  61,  70, 
73a,  74,  and  79).  It  has  often  been  confounded  with  the  cerebellar 
tract,  and  hence  the  impression  arose  that  the  cerebellar  tract  extends 
farther  furworda  than  it  really  does.  Posteriorly  the  tract  extends 
across  the  lateral  culumn  towards  the  posterior  commissure,  from 
which  its  fibres  probably  come  (Fig,  70,  L.  4).  In  the  oerrical 
(ib.,  o.  S),  especially  in  the  upper  part,  where  the  direct  cerebellar 
tract  extends  farther  forward,  the  broadest  part  of  the  ascending  tract 
lies  just  within  the  anterior  part  of  the  cerebellar  tract,  and  extends, 
like  a  wedge,  between  the  latter  and  the  pyramidal  tract. 

This  tract  has  been  found  by  Bechterew  to  undergo  derelopment  at 
a  different  period  from  the  rest  of  the  lateral  column.  It  apparently 
constitutes  an  upward  path  from  the  opposite  posterior  roots,  since  its 
degeneration,  if  unequal  on  the  two  sides,  is  greater  on  the  side  oppo- 
site to  that  on  which  the  uncrossed  post.-median  column  is  most 
degenerated.  Its  fibres  do  not  degenerate  when  the  nerve-roots  are 
dirided,  and  hence  probably  spring  from  cells  ia  which  the  root- 
fibres  end.  Fibres  apparently  pass  to  it  through  the  whole  lenetb  of 
the  cord,  and  these  are  mingled  together,  so  that  the  dtfgenerfftion 
*  ■  Diagnoui  of  Diwuet  of  the  Spinul  Cord,'  Bnt  «d.,  1879. 
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from  a  lesion  of  the  lower  part  of  the  cord  is  not  dense.*  The  predse 
form  of  the  tract  seems  subject  to  individual  yariationa.  AboTe,  its 
fibres  probably  end  in  the  lateral  nucleus. 

Some  fibres  of  the  anterior  part  of  the  lateral  column  are  bunge  in 
size,  and  curve  upwards  and  downwards  into  the  anterior  horn.  Thej 
must  be  of  short  course,  and  maj  be  fibres  of  the  anterior  nerre-roots, 
which  ascend  and  descend  to  nerve-cells  on  a  different  level  from 
that  of  the  roots  by  which  thej  leave  the  cord. 

The  fibres  of  the  anterior  column,  excluding  the  anterior  pyramidal 
tract,  are  termed  by  Flechsig  the  anterior  ground-fibrei  (Fig.  4|$. 
They  are  not  separable,  structurally  or  by  development,  from  those 
of  the  lateral  limiting  layer.  The  ground-fibres  do  not  degenerate 
through  any  considerable  extent  of  the  cord,  and  some  probably  connect 
the  anterior  comua  at  difEereut  levels.  Moreover,  some  of  the  fibres 
pass  to  the  anterior  commissure,  and  thns,  by  the  agency  of  the  ante* 
rior  columns,  a  connection  may  be  established  between  the  two  anterior 
comua  at  different  levels.  Whether  any  of  the  ground-fibres  are  of 
long  course  but  do  not  degenerate  at  all  we  do  not  know. 

The  Commissure  of  the  spinal  cord  lies  between  the  bottom  of  the  « 
anterior  fissure  and  the  posterior  columns,  and  in  it  alone  is  there  a  « 
passage  of  fibres  from  one  half  of  the  cord  to  the  other.     It  consists  ^ 
of  two  parts,  an  anterior  or  white,  and  a  posterior  or  grey  commissure.  ^ 
The  white  commissure  varies  in  thickness  in  different  parts  of  thecord,^ 
and  is  largest  in  the  lumbar  region.     It  is  composed  of  medullated^ 
fibres,  which  cross  in  the  commissure  in  such  a  manner  that  the^ 
anterior  fibres  on  each   side  pass  out  in  the  posterior  part  of  the^ 
commissure  on  the  other  side.     The  fibres  in  front  pass  into  the^ 
anterior  white  column,  those  behind  into  the  grey  substance;  henco 
they  appear  to  establish  a  connection  between  the  anterior  column  ot 
one  side  and  the  anterior  cornu  of  the  other;   but  many   of  those 
entering  the  anterior  column  merely  pass  through  this  to  the  cornu, 
and  this  is  probably  true  also  of  some  of  the  fibres  that  turn  upward 
in  the  column.     Some  seem  to  go  to  ganglion-cells  of  the  grey  matter 
or  to  the  fibrillary  plexus,  others  to  the  anterior  nerve-roots.  Through 
this  commissure  must  also  pass  the  fibres  of  the  anterior  pyramidal 
tract,  and  from  it  may  come  certain  fibres  that  have  been  traced 
across  the  intermediate  grey  substance  to  the  lateral  column,  whers 

*  Other  illustrationA  of  the  degeneration  of  this  tract  will  be  found  in  the  aeetioa 
on  Locomotor  Ataxy.  For  an  example  of  its  degeneration  and  references  to  previooa 
observations,  see  Tooth,  '  St.  Bartholomew's  Hospital  Reports/  1885,  p.  187.  Sm 
also  his  '  Lectures  on  Secondary  Degeneration  in  the  Spinal  Cord/  Lond.,  1880. 
The  degeneration  found  by  Uadden  and  Sherrington  ('  Brain,'  Oot.t  1888),  and 
regarded  as  evidence  that  the  tract  passes  to  the  cerebellum,  h,  I  am  convinced,  th« 
RUterior  extremity  of  the  cerebellar  tract.  This  is  manifetit  on  a  comparison  of 
fig.  6  in  their  plate  with  Fig.  79,  p.  183.  It  is  important,  moreover,  to  note  that»  in 
many  cases  of  transverse  lesions,  a  superficial  myelitis  extending  up  for  a  short 
distance  in  the  middle  of  each  side  of  the  cord  has  determined  a  secondary  degeae> 
ration  of  partial,  and  sometimes  perhaps  combined  character. 
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tliej  assume  a  Tertical  directioa  in  the  pyramidal  tract,   so  that 

fMurt  of  the  anterior  commissure  is  to  be  regarded  as  a  continuation 

of  the  decussation  of  the  pyramids.     Other  fibres  may  be  redecus- 

lating  fibres,  subserring  the  connection  of  one  anterior  horn  with 

the  cerebral  hemisphere  of  its  own  side.     Lastly,  a  few  fibres  of  the 

anterior  commissure  have  been  thought  to  come  from  the  posterior 

nerre-roots. 

The  grey  eommisiure  contains  very  fine  medullated  nerre-fibres,  a 

large  number  of  which  pass  backwards  in  the  posterior  horn  of  each 

side ;  some  appear  to  be  continuous  with  the  fibres  of  the  posterior 

Yoots,  while  others  probably  end  in  the  nerre-cells  of  the  posterior 

lioru.     It  is  highly  probable  that  thus  a  considerable  numb^  of  the 

posterior  root-tibres  (or  fibres   from  ^^ --^ — ----•_ 

cells   in  which   the  root-fibres    end)  Z:.  -- ,'.cv'i>     .     /T"- 

cross  to  the  other  side,  and  that  thus  '  *'''.'\':vv:'v^.  :-  >  -:  r 
the  decussation  of  the  sensory  path 
in  the  cord  is  effected,  which  is  known 
to  take  place  a  short  distance  above 
the  entrance  of  the  neires.  Some  of 
the  fibres  that  thus  cross  may  find 
their  wa?  to  the  antero-lateral  ascend- 
ing  tract  in  the  opposite  lateral 
column,  since  this  tract  seems  to  begin 
below  close  to  the  grey  matter  oppo- 
site the  posterior  commissure.  Others 
leave  the  commissure  in  the  middle 
line,  and  pass  backwards  to  the  pos- 
terior median  column,  but  whether 
these  decussate  or  not  we  do  not  know. 
They  are  very  numerous,  and  the  lower 
part  of  the  cord  within  the  grey  com- 
missure is  the  central  canal  of  the 
spinal  oord,  lined  with  epithelium, 
and  surrounr^ed  by  granular  material, 
said  to  be  similar  in  nature  to  that 
which  caps  the  posterior  horn;  the 
two  are,  indeed,  as  we  have  seen 
(p.  169),  continuous  in  the  embryo. 
The  canal  is  often  filled  up  by  epi- 
thelial debris  in  adult  cords,*  or, 
sometime8,is  much  larger  than  normal. 


Fio.  80. — Central  cmml  in  normal 
cords.  It  bat  the  form  of  a 
trHnsverte  slit  in  A,  a  rertical 
slit  in  C  (from  the  «H>niis  medal- 
laris),  while  in  B  it  is  circolar. 
In  each  it  is  lined  by  columnar 
epithelium  and  surronniled  by 
cellular  elements,  rounded,  or 
angular  from  oomprension, 
mingled  with  g^aule».  In  D, 
which  is  from  the  same  spinal 
cord  as  C,  the  position  of  the 
canal  is  occupied  by  a  mass  of 
nuclear  tissue. 


The    latter  state   probably    depends 

on  an  arrest  of  deyelopment,  for  the  layer  of  neuroglial  tissue  around 

it  is  much  largf'r  than  usual 

Boot-fibre9, — The  course  of  the  root-fibres  has  been  already  incident- 

*  This  obliteration  of  the  canal  has  no  pathological  significance,  bat  has  been 
ttpeatcdly  described  as  one  of  the  morbid  changes  in  disease. 
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ally  alluded  to,  but  remains  to  be  considered  in  a  more  fljstematit 
nDinnBr.  The  anterior  roots  piios  through  the  anterior  columna  in 
bundles  wbicb  are  distributed  througli  an  art-A  of  the  column  approxi- 
mately correepouding  to  the  width  of  the  anterior  surface  of  the  cornu. 
In  the  grey  substance,  the  coarse  fibres  that  constituto  the  chief  giart 
of  each  of  these  bundlen  pass  iu  three  different  directions,  outwards, 
inwards,  and  directly  bnckwards  in  the  middle  of  the  born,  and  thua 
cross  each  other  and  the  fibres  from  the  auterior  commissure.  Many 
of  the  fibres  enter  the  groups  of  nerre-cells,  and  certainly  end  in  thesa 
cells — or  rather  arise  from  them,  each  axis -cylinder  being  the  pro- 
longed chief  process  of  the  cell.  Such  cells  often  lie  among  the 
bundles  outside  the  limit  of  the  grey  matter,  and  their  processes  can 
easily  be  traced  forwards  to  the  nerve-root  and  backwards  into  the 
grey  matter.  Some  processes  that  pass  outwards  enter  the  lateral 
white  column  ("  miied  zone  "],  and  probably,  after  a  short  course  in 
this,  re-enter  the  grey  matter  at  a  LiEher  or  lower  level.  Some  of 
the  fibres  that  pass  inwards  may  go  through  the  commissure  to 
the  opposite  anterior  horn.  These  coarse  fibres  are  probu.bly  all 
motor.  Besides  them,  the  nerve-roots  contain  fine  fibres  for  the 
■yinpathetic  which  do  not  come  from  the  cornual  cells. 

The  posterior  root-fihres  have  been  the  subject  of  much  investiga- 
tion on  account  of  their  complicated  arrangement  and  the  importance 
that  attaches  to  them  from  their  degeneration  in  locomotor  alaiy. 
Although  arranged  in  a  continuous  vertical  aeries  at  their  surface 
attachment,  the  fibres  are  divisible  into  three  sets,  one  of  which  passes 
through  the  caput  eortat  jioateriorU  (Fig.  78),  a  second  into  the 
adjacent  part  of  the  post -external  column  (Fig  64),  while  a  third  set 
consists  of  fine  fibres  which  at  once  changu  their  direction,  turning 
upwards,  and  keep  together  so  as  to  form  a  zoDe  (zone  of  Liasauer), 
which  lies  outside  the  extremity  of  the  posterior  horn  in  the  cervical 
region,  but  lower  down  the  cord  between  the  caput  and  the  surface 
of  the  cord. 

The  fibres  of  these  three  sets  have  only  two  immediate  destinations 
—to  the  postero-niedian  column  and  the  posterior  grey  coma. 
(!)  Many  of  the  fibres  that  enter  the  poat-eicternal  column  (a)  pasa 
obliquely  upwards  and  inwards  to  the  poat-median  column.  This 
course  is  through  the  hinder  part  of  the  post-external  coiumn,  and 
in  the  lumbar  region,  where  the  roots  enter  at  the  bottom  of  their 
furrow,  many  fibres  actually  pass  backwards  into  the  adjacent  angle 
of  the  column,  and  may  be  there  seen  to  turn  upward  in  their  asoend^ 
ing  course  to  the  median  column.  It  is  this  arrangement  that  leads 
to  the  peculiar  wedge-like  shape  of  the  ascending  degeneration  just 
above  a  lesion  (Figs.  75  and  7(i)  ;  {b)  other  fibres  entering  the  post- 
exterual  column  curve  forwards  and  enter  the  jiosterior  cornu,  chiefiy 
in  front  of  its  head.  The  curves  they  describe  are  largest  in  the 
lumbar  region,  where  they  almost  reach  the  post-median  column. 
(2J  The  fibres  that  enter  the  caput  directly,  pass  through  this  to  tltc 
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posterior  horn,  some  on  their  level  of  entrance  (and  these,  in  the 
lumbar  region,  hare  a  curred  course  like  the  meridian  lines  on  a 
globe),  while  others  turn  upwards  in  compact  bundles  to  pass  forward 
into  the  comu  at  a  higher  level.  (3)  The  fibres  of  Lissauer's  group 
also  euter  the  horn,  either  through  or  in  front  of  the  caput,  after  a 
fhort  ascending  course. 

Thus,  except  the  fibres  to  the  post-median  column  (which  ascend 
in  it  without  decussating),  all  the  other  posterior  root-fibres  enter  the 
posterior  horn,  chiefly  on  its  inner  side  or  through  the  caput,  a  few 
(Lissauer's)  on  its  outer  side.* 

In  the  posterior  horn,  fibres  of  each  set  pass  to  the  posterior  com- 
missure; others  go  to  the  posterior  vesicular  column  (where  this  exists), 
^while  some  pass  forwards  into  the  anterior  comu,  chiefly  towards 
the  outer  group  of  nerve-cells ;  a  few  pass  towards  the  anterior  com- 
missure, and  a  considerable  number  probably  end  in  the  nerve-cells 
of  the  horn.  It  is  probable  that  the  fibres  that  pass  to  the  posterior 
vesicular  column t  are  coDuected  with  its  cells,  most  likely  indirectly 
through  tl  eir  ramifying  processes  and  the  spongy  plexus,  because  the 
fibres  of  the  plexus  have  been  found  atrophied  with  those  of  the  pos- 
terior root.  Many  of  those  that  pass  towards  the  posterior  com- 
missure are  probably  also  interrupted  by  nerve-cells  in  the  posterior 
oornu.  Thus  the  chief  destination  of  the  fibres  that  do  not  enter 
the  postero-median  column  must  be  regarded  as  the  anterior  comu 
of  the  same  side  and  the  opposite  half  of  the  cord;  and  this  is 
probably  true  also  of  the  numerous  fibres  that  end  in  the  nerve-cells 
of  the  comu.  The  fibres  from  the  vesicular  tract  to  the  direct 
cerebellar  tract  perhaps  continue  the  path  of  the  posterior  root-fibres. 
Blood- SUPPLY  to  thb  Spinal  Go&d. — The  arrangement  of  the 
arteries  in  the  cord  is  not  a  matter,  at  present,  of  much  practical 
importance.  Nevertheless  it  is  one  on  which  some  detailed  facts  are 
necessary,  because  it  is  a  subject  to  which  it  is  most  desirable  close 
attention  should  be  given,  on  account  of  the  probability  that  vascular 
lesions  are  more  frequent  than  our  present  knowledge  indicates,  and 
the  relation  of  lesions  to  arterial  regions  should  be  carefully  noted. 
The  chief  general  fact  is  that  the  blood-supply  is  in  part  central,  in 
part  peripheral :  the  central  supply  is  derived  from  the  branches  in 
the  anterior  median  fissure  and  embraces  the  grey  matter,  except  tbe 
posterior  horn ;  the  peripheral  suppUes  the  posterior  horn  (except 
the  neck)  and  the  white  substance. 

The  arterial  blood  is  brought  to  tbe  cord  by  small  branches,  derived 

*  The  fibres  that  paJis  to  the  pott-external  eolamn  have  heen  termed  the 
"  mediiin  gr«)op,"  and  the  rett  of  the  root-fibres  the  "  lateral  groop,"  those  entering* 
the  caput  being  distingniihed  as  an  *'  intermediate  groop.*'  But  each  investigator 
describes  much  the  same  facts  in  a  different  method,  and  adopts  an  original 
Bomeuchiture,  which  renders  it  better  at  present  to  keep  the  facts  more  prominent 
Ib  the  mind*  than  the  names. 

t  According  to  Mott  the  fibres  divide  and  form  a  Cne  plexos  before  joining  ths 
iaUa  ol  the  vesicular  column* 
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from  the  vertebi-als,  interco^tals,  aod  other  arteriex,  which  re&ch  tha 
coi-d  b^  the  aDt<^rior  and  posterior  rooti.  Tbe  anterior  pass  for  the 
most  part  ionards,  to  the  anterior  median  fissure,  where  they  are 
connected  bj  vertical  branches,  continuous  in  direction,  so  as  to  form 
an  anterior  ipinal  artery.  From  this  a  series  of  branches  pau  back- 
wards in  tbe  anterior  median  S«sure,  which  may  be  called  anterior 
median  arteries,  and  are  of  great  importance,  supplying  most  of  the 
grej  matter.  At  the  bottom  of  the  fissure,  each  divides  into  two 
branches,  a  right  and  left  eommiiiural  artery,  which  passes  outwards 
and  backwards  through  the  commissure,  displacing  its  fibres  (and 
hence,  in  section,  the  commissure  often  appears  to  be  interrupted 
where  the  fibres  are  divided  obliquely).  At  tbe  end  of  the  commis- 
sure each  divides  into  an  anterior  central  artery,  which  sup- 
plies most  of  the  ante- 
rior horn,  and  a  poeterior 
eentrai.  which  supplies 
the  intermediate  grey 
matter  and  the  neck  of 
the  posterior  horn,  in- 
cluding the  region  of 
tbe  posterior  vesicular 
column.  Each  commis- 
sural arter;,  moreover, 
before  diriding,  gives  off 
a  branch  which  immedi- 
ate!; bifurcates  into  aa 
upward   and   downward 

Fl<..81.-Sen,i.d«p»mm«ioropre«..t.tbnoftl,*  ™«''   ^^    continue 

■TteriM  of  the  ipiml  cord;  as.  rnilvTiar  •|>iii*L  Witb      a     Corresponding 

Central  arltrite.—k  H,  anterior  me.lial ;    d  o,  b«-  branch     from      the     DRXt 

tneea  the  riclit  and  left  coinanuural  «rterie«; .       ,      ,   , 

.,    -OMlomolic    STtery,  divided    tr.n.v.r.ely.  ti  «OmmiSSUraIarteryaboVB 

■  hichH  briini'h  goea  from  tliecommiMiiral  arterj,  and  below  —  the  anfutik 

*bicbthendinde.iiito<.<..«nt«H<.r  ™r«i,.l   .mi  ^oticartery.    This  effects 
ma,  mld-comnal  *rterie>.    Ptnplitral  arttrw. —  _,■     i  . 

5«,po-teri<iriBtdiali  pi,i«.t.iiit«m«liate;pc,  *   vertical   continuity  of 

poaterior   coniual;  ^  r,  poatfrinr   radlculHrj  p  j,  anastomuses   within    the 

ml,   a  I,  reEiout  of  tbe   poiUrior,   middli',  aDd  „„„i      i;i,„    *i..,    „«    .u, 

.„UriorUt«r.lbr.nchMiV^r..nterior  radicular.  '">^^'    "■=«    **■**    <>*    *« 

In  tlie  riglit  half  of  the  figure  tlw  more  deeply  anterior      spinal     arterj 

•haded  part  indio«te«  the  region  auppUed  bj  tlie  outside  the  cord, 
central  iHerlee,  i      _,      . 

The  peripheral  artertsi 
pass  inwards  from  the  surface.  A  poiterior  medial  artery  courses  in  tbe 
median  septum,  giving  brunches  to  each  side,  and  an  intermediate 
Mplal  artery  passes  in  the  corresponding  septum  outside  the  post- 
median  column.  H  idwav  between  this  and  the  root- furrow,  a  branch 
eniors  and  passes  through  the  post-exiernal  column  to  the  poateriw 
horn,  which  it  enters  in  front  of  the  caput  and  chiefly  supplies — the 
poiterior  cornwd  artery ;  while  a  poelerior  radicular  artery  passes  in  on 
the  inner  side  of  the  posterior  root,  and  is  distributed  to  this  and  tbe 
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caput.  A  series  of  anterior  radicular  arteries  enter  with  the  anterior 
roots,  and  between  them  and  the  posterior  horn  are  anterior,  middle^ 
tad  posterior  lateral  arteries  in  corresponding  parts  of  the  lateral 
ooluma.  The  branches  into  the  lateral  column  do  not  reach  the 
grej  substance ;  the  branches  in  the  grej  substance  extend  into  the 
inner  part  of  the  lateral  column. 

The  veins  of  the  cord  correspond  in  the  main  to  the  arteries,  but  a 

Uurger  proportion  of  the  blood  passes  into  the  peripheral  system. 

Some,  especially  those  of  the  white  substance,  pass  outwards  along 

the  septa,  and  those  on  the  surface  of  the  sides  and  Lack  of  the 

cord  are  gathered  into  a  posterior  spinal  vein.      Others,  especially 

of  the  grey  matter,  pass  inwards  to  a  large  vertical  vein  that  lies 

in  the  grey  commissure,  a  little  distance  from  the  central  canal  on 

each  side  (v.  Fig.  78 ;  compare  also  Fig.  57),  from  which  branches  pass 

forwards  to  the  anterior  median  fissure,  and  through  this   to  an 

anierior  spinal  vein.       The    anterior    and    posterior    spinal    Teins 

deliver  their  blood,  through  communicating  veins,  into   the  lai^ge 

venous  plexuses  that  lie  outside  the  dura  mater,  and  which  receive 

blood  also  from  the  bones,  and  from  the  structures  and  skin  behind 

the  spine.    But  the  veins  of  the  spinal  cord  cannot  be  injected  from 

these  plexuses,  not  because  there  are  valves  in  the  connecting  branches, 

but  apparently  because  they  form  so  trifling  a  proportion  of  the  total 

connections.    From  the  plexuses  blood  passes  to  the  various  vertebral, 

cervical,  and  intercostal  veins. 

Although  there  is  a  vertical  continuity  of  the  vessels  of  the  cord, 
it  is  probable  that  the  course  of  the  circulation  is,  in  the  main,  hori- 
lontaL  From  the  very  tortuous  course  of  the  path  by  which  arterial 
blood  enters  the  cord,  it  is  evident  that  the  pressure  to  which  the 
arteries  of  the  cord  are  exposed  must  be  far  lower  than  that  in  the 
arteries  of  the  brain,  and  hence  they  are  far  less  liable  to  degeneration 
and  to  rupture.  On  the  other  hand,  the  conditions  that  prevent  an 
injection  of  the  plexus  of  veins  outside  the  dura  mater  from  passing 
into  the  veins  of  the  cord,  must  save  the  latter  from  the  extreme  over- 
distension to  which  they  would  otherwise  be  liable  when  there  is  a 
hindrance  to  the  return  of  blood  from  the  plexus. 


rUNCTIONS   OF  THE  SPINAL   CORD. 

We  are  now  in  a  position  to  consider  the  functions  of  the  spinal 
cord,  and  the  structures  by  which  they  are  subserved.  The  functions 
are  these:  (1)  The  spinal  cord  conducts  motor  nerve  impulses  from 
the  brain  and  sensory  impulses  to  it.  (2)  It  constitutes  a  series  of 
centres  for  reflex  action.  (3)  It  contains  certain  centres  that  ulti- 
mately govern  nervous  action  in  structures  under   the  immediate 
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oontnil  of  til  en  jm  pathetic  sjBlem,  the  bladder,  rectum,  blood-Tesselii 
<^<*.     (4)  It  iiiflueoces  the  nutrition  in  all  parts  to  which  its  nerves 

I'XtOlul. 

Motor  Conductioit. — The  chief  facts  regarding  the  physiology  of 
tho  motor  path  have  been  necessarily  considered  in  the  account  of 
itfl  anatomy.  We  have  already  seen  that  the  path  of  motor  impulses 
is  through  the  pyramidal  fibres  (in  the  anterior  and  lateral  pyramidal 
tracts),  the  anterior  cornua,  and  the  anterior  nerve-roots.  The  gan- 
glion-cellii  form  part  of  the  path,  and  so  also  probably  does  that  part 
of  the  plexus  of  fibrillfls  in  the  comu  which  intervenes  between  the 
pyramidal  fibres  and  the  ganglion-cells.  We  have  seen  that  the 
crossed  relation  of  the  cerebral  hemisphere  with  the  limbs  is  subserved 
by  the  decussation — chiefly  at  the  pyramids,  partly  along  the  cord 
from  the  one  anterior  to  the  opposite  lateral  tract,  and  apparently  to 
a  slight  extent  above  the  chief  crossing,  since  some  degenerated  fibres 
have  been  seen  in  the  anterior  pyramid  opposite  to  the  lesion  of  the 
brain.  We  have  seen  also  that  we  are  still  ignorant  of  the  mode  of 
connection  of  the  motor  cells  with  the  cerebral  hemisphere  of  the 
same  side  in  the  case  of  the  muscles  that  habitually  act  with  their 
fellows  on  the  opposite  side.  These  can  be  acted  on  by  either  hemi- 
sphere in  degree  that  approaches  equality  in  proportion  as  they  act 
together,  and  is  almost  complete  in  muscles  such  as  the  intercostals, 
which  can  only  act  together.  It  is  great  in  the  case  of  all  the  tnmk 
muscles  and  of  those  of  the  leg,  less  in  those  of  the  arm.  This  relation 
is  further  considered  in  the  account  of  hemiplegia  in  vol.  ii,  to  which 
it  specially  pertains.  The  variations  in  the  decussation  of  the  chief 
set  of  fibres  suggest  that  the  variations  in  observed  facts  bearing  on 
the  question  may  merely  represent  variations  that  exist  in  nature. 
The  connection  may  be  subserved  by  fibres  that  never  decussate,  and 
by  fibres  that  recross  in  the  cord,  in  different  degrees  in  different 
persons. 

The  largo  fibres  of  the  anterior,  motor,  nerve-roots  are  &ur  mor<^ 
numerous  than  the  fibres  of  the  pyramidal  tracts,  and  so  also  are  the 
cells  of  the  anterior  horn,  from  which  the  large  root-fibres  proceed. 
Nevertheless,  it  is  probable  that  all  these  cells  and  root-fibres  can  hv 
excited  through  these  tracts.  Hence  many  cells  must  be  related  to 
each  of  the  pyramidal  fibres.  We  do  not  know  precisely  how  the 
latter  end,  but  it  is  probably  a  complex  mechanism,  constituted  by 
minute  nerve-cells  and  fibrillary  network.  This  mechanism  is  such 
that  the  stimulation  of  certain  pyramidal  fibres  excites  to  action  a 
much  greater  number  of  nerve-cells,  so  connected  and  arranged  as  to 
produce,  through  the  related  nerve-roots,  a  complex  movement,  in 
which  many  muscles  may  take  part.  The  nerve-cells  thus  connected 
may  not  all  be  at  precisely  the  same  level,  and  only  some  of  those  at  a 
given  level  may  be  thus  associated.  The  simpler  the  movements,  and 
the  fewer  their  possible  variations,  the  fewer  pyramidal  fiibres  may 
suffice  for  the  production  of  the  movements.    Thus  it  is  conceivable 
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that  tor  such  moTements  as  those  of  tlie  intercostal  muscles,  which 
are  simple  and  constant,  yerj  few  pyramidal  fibres  may  suffice, 
whereas  a  much  larj^er  number  must  be  necessary  for  the  highly  yari- 
able  movements  of  the  hand.  It  is  also  possible  that  the  pyramidal 
impulses  pass  not  only  through  their  own  end-structures,  but  also 
through  part  at  least  of  the  muscle-refiex  centre,  and  that  this  enters 
into  the  mechanism  that  enables  these  impulses  to  effect  a  more 
complex  and  varying  movement  than  could  otherwise  be  produced. 

Sapkesentation  of  MoysMENTS  IN  THE  Spikaj.  Oobd. — It  is 
important  to  inquire  how  far  we  can  identify  these  yarious  motor 
necbanisms  of  the  anterior  grey  matter.  There  are  several  sources  of 
information  on  this  subject.  We  haye  already  seen  that  the  arrange- 
ment of  fibres  in  the  anteiior  roots  is  such  as  to  associate  certain  move- 
ments with  certain  nerve-roots,  and  it  is  a  reasonable  assumption  that 
Hub  corresponds,  to  some  extent  at  least,  with  the  arrangement  in  the 
grey  matter.  The  sources  of  our  information  on  this  point  are  the 
limited  facts  of  anatomy,  rare  cases  of  restricted  disease  of  the  nenre- 
roots  in  man,  and  especially  the  experiments  of  Ferrier  and  Yeo  on 
monkeys.  We  have  already  considered  the  indications  that  these 
experiments  afford,  and  their  suggestiveness,  and  we  haye  seen  that 
their  yalue  is  relative  rather  than  absolute.  As  regards  the  grey  matter, 
we  must  remember  also  that  there  may  not  be  a  strict  horizontal  corre- 
spondence between  the  nerve-roots  and  the  nerve-cells,  because  it  is 
probable  that  some  root- fibres  enter  the  antero-lateral  white  colunms, 
and  are  connected  with  nerve-cells  at  a  higher  or  lower  level  than  that 
at  which  they  leave  the  cord.  Another  source  of  inm^unation  is  the 
degeneration  of  nerve-cells  that  follows  slowly  on  an  amputation  of  a 
limb,  and  the  condition  of  the  spinal  cord  in  congenital  absence  of 
part  of  a  limb.  The  last  and  most  important  source  of  information  is 
supplied  by  cases  of  limited  disease  of  the  anterior  cornua,  in  which 
the  position  of  the  lesion  and  the  distribution  of  the  resulting  palsy 
can  be  compared.  Destruction  of  nerve-cells  causes  degeneration  of 
the  motor  fibres  proceeding  from  them,  and  wasting  of  the  muscles  to 
which  those  motor  fibres  proceed.  This  alone  affords  us  certain  know- 
ledge. Cases  of  clear  significance  are,  howeyer,  rare,  and  it  will  be 
long  before  our  knowledge  can  be  complete.  Meanwhile,  we  may 
learn  something  of  the  central  association  of  muscles  by  observing 
what  muscles  are  most  frequently  paralysed  together  by  such  disease. 
This  subject  has  been  carefully  studied  by  E.  Bemak,*  and  by 
Thorbum,t  and  many  yaluable  isolated  observations  haye  been  pub- 
lished.    It  is  only  the  associations  which  are  frequent  that  can  be 

•  •  Archiv  f.  Psychiatrie,'  vol.  ix. 

t  'Bnin/  January  7th,  18S7,  and  October,  1888.  The  facta  were  obserred  on 
of  injary.  He  asaociates  each  moacle  with  a  aingle  apinal  nerve^  bat  tbeae 
ree  an  only  collectiona  of  roota  that  are  aeverally  continooos,  aa  are  the  groupa 
•f  nenre-cella  within  the  cord,  and  it  ia  certain  that  the  roota  related  to  many  of 
the  muaclea  go  into  adjacent  apiual  nenrea. 
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alluned  sigiitGeance,  becaase  it  ia  not  uacotnmon  to  bave  more  thaail 
one  focus  of  disease  in  the  firej  matter.     Tiie  foUomog  Bummai/I 
preaentB  the  foacluBions  that  aeein  probable  from  the  evidence   i 
present  available  " 

Tbe  various  facta  for  the  most  part  fully  confirm  the  conclui 
Remak,  corroborated  by  the  esperimenta  of  Terrier  and  Teo, 
meet  movements  and  muaclea  are  represented  in  vertic;al  trtK-te.  and  the 
whole  (interior  grey  matter,  at  any  one  nerve- aegmeut,  contains  cells 
thut  are  coacerncd  wilh  different  movements.  An  extensive  lesion  of 
smail  vertical  exti--iit  may  thus  weaken  many  moveiiieots,  but  abolish 
none.  The  special  representation  of  tbe  muscular  tunctious, 
of  definite  movements,  is  no  duubt  related  to  special  groups  of  nerve-^ 
cells,  but  a  single  group  may  be  concerned  in  more  than  one  associated 
movement.  Different  groups  are  probably  intimately  connected, 
because  we  know  that  the  (.'ontractiou  of  any  muscle  is  accompanied 
by  a  slighter  but  proportioned  contraction  of  its  aiitagoiiisU,  Anato— ^ 
mical  connections  in  both  spinal  cord  and  bmn  doubtless  i 
this  association. 

C-BsriojL  Bmoiok. — The  highest  cervioal  region  apparently  oontnini  oentrM 
tor  the  stnHll  rotetort  of  the  lifod,  and  llie  depieasora  of  tlie  hyoid  bone  were 
found  by  Beevor  and  Hoisley  to  he  relnled  to  the  firat  treo  pairs  of  nerves,  the 
st^rno-hyoid  and  stemn-thjroid  chiefly  to  the  first  and  the  omohyoid  to  ths 
■ecund.t  The  upper  part  also  contains  ceiitrex  Cot  ths  mascles  of  tbe  neck, 
especially  for  tbe  ate rno- mastoid  and  npper  part  of  the  trappziui.  The  dia- 
phragm ii  pruhably  represented  in  the  grey  matter  at  the  lerel  of  the  mots  of 
the  plirenio  nerrei  the  fourth  cervical.  In  the  brachial  region  of  the  cervical 
enlarge  meat,  the  masoles  of  the  abciulder  are  represented  chiefly  in  ths  upper 
part;  the  intrineio  niuacles  of  the  hand  in  the  lower  part.  The  fleiors  of  the 
elbow  are  reprexeiited  above  its  extetinnm,  and  the  supinators  and  extensors 
of  the  wrist  above  the  flpiors  of  the  wrist 

Deltoid,  acapttlar  mutclea,  pectoralU,  and  serra^wK.— Tbe  fifth  and  sUtk' 
segments,  tor  the  mcwt  part  the  sixth,  and  probably  the  outer  group  of  iierv»i'' 
cells.^  The  centres  for  the  two  parts  of  the  pectoralis  are  separate,  and 
associated — the  clavicular  with  that  of  the  senatus  magnos,  the  costal  with 
thntnf  thelatissimusdoTsi  (seep.  30).  TheE<e  anBiKriated  m  u  sol  ei>  are  represented 
near  together,  but  out  at  the  sane  spot ;  the  nssociation  is  often  reproduced  in 
disease  of  the  anterior  comu,  the  clavicular  pnrt  being  affected  together  with 
the  serratus,  but  one  muscle  may  sufTer  without  that  which  is  commonly 
associated  nith  it. 

The  FUx'ir*  of  Ike  elboic  and  supinators  probably  corresponiJ  nearly  in  level 
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•  A  useful  lummory  of  ti.e  evidence  np  to  the 
Allen  Starr,  in  the  •  Aiuericin  Joumni  of  Neur 
subject  is  a  temptiog  one  for  theory,  but  it  is  ve 

...Iddle  of  1884  wu  given  bj  Df. 
oiogj,*  AuBf.  <n<l  Not..  1884.     The 
ry  importsat  to  keep  to  Uis  solid 

t  Cbieflj  the  poiterior  belly  of  the  musole,  by  a  hrsuch  joining  the  nlos 
pharyngeal.  Tlie  other  tnun-lei  nsnied  (inclo(iin){  slightly  ih*  aDIerior  b»Uj  of  I 
nmohyald)  «re  innervated  from  the  flnt  cervical  bj  «  branch  joiuing  the  hypogloM 

I  Thorbum  (W.  ciL)  refers  the  infra-  and  supni-»pinat«  witii  much  pnibablUt]! 
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^rith  the  deltoid.  The  whole  of  thin  aeries  of  nm»c!e»  may  be  affected  alniie  by 
diMttM  of  the  nerv«-root>  (see  p,  91)  or  of  the  grej  matter,  kiA  then  we  bava 
the  "  upper  vni  type  "  of  paiaj,  dewribed  fint  by  Erb. 

Exteator  of  the  elbote  ((Weepj) ;  probably  the  middle  of  the  brachial  re^on, 
t^hiefly  the  seventh  se^^ment,  exteodiog  down  to  the  eighth,  and  perhaps  up  to 
the  Kiith.  poiuiibly  ohiefly  In  the  outer  gronp  of  nerve-celli. 

The Extentorl  of  the  toritt  B,ie  lepreneiited  above  those  of  the  elbow;  probably 
ctiirfly  at  the  sixth  or  siith  and  seventh  eegiaentn,  and  not  from  the  poxtero- 
estemal,  but  from  the  other  groups.  FUxor»  of  the  wriit:  below  the  e^ttfnmirn, 
•learly  on  the  same  level  a«  the  eitenaoi-aof  the  elbow,  at  the  seventh  and  eighth 
n^gments,  and  probably  also  from  one  of  the  onter  groups  of  cells.  The  pro- 
wtalora  have  nearly  the  B.ime  representntion  as  the  flexota  of  the  wrist. 

£onj)  E;iteniora  of  tliefingert  .•  upper  part  of  the  brachial  region,  about  the 
level  of  the  liith  or  between  it  and  the  seventh  segment;  probably  from  one 
*>t  the  anterior  groups  (not  from  the  postero- lateral  group).  Limg  Flexors  of 
the  finger* :  below  the  exlensora;  probably  seventh  or  eighth  segment. 

IrUrimie  muscles  of  the  kaml:  loivest  part  of  the  brachial  I'eginn,  and  the 
thenar  miiRcles  a  little  higher  than  the  interossei ;  the  latter  being  represented 
jn  the  first  doraal  segment.*  The  intrinsic  mnsi^les  (like  the  long  extensors) 
are  probably  related  less  to  the  outer  than  to  the  inner  and  anterior  groups. 
The  two  sell  of  mascles  are  related  both  in  action  and  in  central  conneetioD,  ns 
wa»  illustrated  by  a  case  of  con oussiun- lesion  nnder  my  care,  in  which  the  two 
untcr  interussei  were  paralysed  and  wasted,  and  also  the  part  of  the  long 
extensor  supplying  the  two  outer  fingers,  hut  no  other  muscles. 

LVMBAi  ^A'UKOSVSWi*.— Our  knowledge  of  the  representation  of  muscles  in 
the  lumbar  enlargement  it  very  slight,  and  we  hare  scarcely  any  definite  facta 
concerning  their  relation  to  the  oell-groupB.  The  postero. external  group 
preponderates  over  the  othera  in  siie,  even  more  than  in  the  cervical  oord,  and 
doubtless  also  in  importance.  The  few  pathologtL'al  ohservations  of  changes  in 
the  several  groups  are  not  altogether  consistent.  The  chief  facta  available 
relata  to  tbe  probable  segmental  level  and  association  of  the  centres,  and  are  as 
follows : 

CrtmatUr,  second  lumbar  segment.  PeooM,  second,  iliamt,  third,  lumbar  j 
tbe  two  muscles  (one  in  function)  are  probably  related  to  a  group  of  cells  ex- 
tending tlirongh  both  segments.  Adductort,  fourth  lumbar  segment.  Gluttal 
niucie*  (eitensore  of  hip),  fourth  and  fifth  lumbar  segmeuts. 

Ertmtort  of  hue.  third  and  fourth  lumbar  segments,  probably  from  the 
•ame  group  as  the  flexors  of  the  hip  ;  the  two  sets  of  mascles  are  often  affected 
together,  and  sometime*  the  adductors  suffer  with  them.  The  Sartoriia  is 
probably  related  to  the  third  segment,  but  not  to  the  same  cell. group  as  the 
extensors  of  (be  knee  (to  which,  indeed,  it  does  nut  belong;  see  p.  40).  It  usually 
etcapea  In  atrophic  palsy  of  the  extensors.  Fleuora  of  knee,  fifth  lumbar  and 
Glut  Mcnl  segments.  Their  centre  U  thus  below  and  certunly  distinct  front 
lIuU  of  the  BXlensors, 

Th*  rnvtcUt  of  the  lower  kg,  moving  the  foot  and  toes,  are  related  to  the 

•  Tills  is  the  indication  of  the  majority  of  cases.  Nevertb«le>^s  Ssbli  has  recorded 
aMMoralrophyof  all  the  intrinsic  muscles  of  tlie  Imnd.in  which  the  leiion  did  not 
•stcnd  below  tl^e  leveutb  segment  i  the  eighth  and  first  dorsal  were  perfectly 
I  have  seen  ■  case  at  atrophy  limited  to  the  deltoid  and  intrinsic  mascli^a 
lisnil,  due  to  aa  acate  process,  ptobslily  htsniorri^sge,  but  iu  tliis  case  there 
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fourth  and  fifth  lumhar  and  the  first  lacral  aegments.  The  calf  mtitcUi.  th« 
tibialU  anticus,  and  the  penmeua  longut  have  ceriainlj  separate  centrea,  and 
are  often  aSected  separately.  The  tibialis  antictu  may  auSer  alone,  or  maf 
alone  escape  when  the  other  muBcles  in  front  of  the  lefc  are  paralysed.  The 
muKclea  of  the  calf  may  be  affected  when  those  in  front  of  the  leg  are  not.  It 
i»  prohahle  that  the  peroneue  lonp^ns  is  the  highest  in  toiitnil  representation, 
and  is  related  to  the  fonrth  lumhar  segment. 

Tha  inlrinnc  mu$eU*  of  the  foot,  ea;>ei;ially  the  interoeset,  are  the  loireft  in 
central  relations,  being  connected  with  the  second  saaral  segment.   The  positini 
of  their  centres,  in  the  lowest  part  of  tlie  lumhar  eoUrgement.  thus  corresponda 
to  that  of  th9  analogous  muscles  of  the  hand,  in  ths  lowest  part  of  the  i 
enlargement. 

Sbksi.'by  Conduction. — Our  knowledge  of  the  sengory  path 
cord  is  inT  less  definite  thau  that  of  the  motor  path,  iu  scite  of  the 
fact  that  it  lias  been  the  subject  of  a  large  number  of  experltneDtal 
investigatioTia.  The  subject  is  a  very  difficult  one  for  experimental 
solution,  OD  account  of  the  difficulty  of  ascertaining  the  condition  of 
sensation  in  animals.  Tbe  iudicutione  afforded  by  disease  areequivoual 
for  another  reasou.  We  have  seen  (p.  60)  that,  in  the  sensory  nerve*, 
B,  lesion  which  permanently  interrupts  motor  conduction  may  scarcely 
iiffect  sensory  conduction,  and  the  same  thing  is  apparently  true 
the  spinal  cord.  If  loss  of  feeling  results  from  an  acute  lesion, 
often  quickly  passes  an'ay,  although  motor  palsy  remains  complete 
and  absolute,  and  this  when  all  the  elements  of  the  cord  seem  equally 
implicated  in  the  morbid  process.  In  cases  of  such  chronic  disease 
OS  compression,  which  when  slow  must  act  on  all  the  structures  in 
nearly  equal  de);ree,  tbe  same  escape  of  sensory  conduction  is  often 
observed.  Difficulties  are  eucounti.'red  whatever  mode  of  interpretatioQ 
of  the  phenomena  tre  adopt,  and  the  fact  of  importance  to  our  present 
problem  is  that  we  are  not  yet  able  strictly  to  compare  structural  and 
f UDctioual  damage  when  tbe  former  is  moderate.  When  tbe  damage  has 
been  slowly  produced  it  may  be  apparently  great,  and  yet  function  may 
not  be  much  impaired,  especially  the  lower  function  of  conduction  of 
nerve-force.  The  signiflcauce  of  these  facts  as  regards  tbe  problem  of 
sensory  conduction  in  the  cord  is  that  we  must  be  cautious  in  drawing 
any  conclusion  from  the  persistence  of  sensation.  We  cannot  infer, 
because  supposed  sensory  tracts  are  visibly  diseased  in  a  cuse  in  which 
there  was  no  loss  of  sensibility,  that  these  tracts  have  Dot  the  function 
assigned  to  them,  unless  we  can  feel  sure  that  all  tbe  ax  is -cylinders 
are  destroyed.  This  we  can  seldom  do;  and  for  this  reason,  and 
because  morbid  processes  are  oft^u  wide  iu  distribution,  the  evidence 
that  can  be  obtained  by  comparing  the  position  of  lesions  with  tbe 
sensory  syniptuma  they  produce  is  Umited  and  uncei'tain.  Other 
sources  of  information  are  the  effect  of  partial  lesions  of  the  cord, 
intense  in  degree,  but  hmited  in  area,  especially  traumatic  leuona 
affecting  one  balf  of  tbe  cord  or  part  of  one  half.  Cases  i 
are  of  high  value,  but  iu  few,  at  present,  have  theeiteutul 
the  range  of  symptoms  K-en  acciimlclj  ascertained. 
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Henoe  physiologists  have  relied  chieflj  on  the  results  of  experiments  on 
isiinmU.  Unfortunately  the  help  these  can  ^ive  is  also  reduced  to  a  literal 
minimum  by  the  difficulties  of  experimentation  and  of  interpretation ;  the 
physical  difficulties  on  the  one  hand,  the  functional  perplexities  on  the  other. 
Some  clear  facts  have  been  ascertained,  and  other  results  have  been  obtained 
that  still  wait  certain  interpretation.  The  earlier  experiments  of  Brown* 
S^oard  established  one  important  fact,  which  has  been  fully  confirmed  by 
pathology,  that  the  chief  part  of  the  sensory  path  crosses  the  middle  line  soon 
After  it  enten  the  cord,  and  passes  up  to  the  brain  on  the  other  side.  The  experi- 
ments by  others  which  seem  to  deserve  the  greatest  weight  are  those  of  SchifE 
and  Woroschiloff.  The  latter  employed,  as  a  test  of  upvrard  conduction,  the 
effect  of  stimulation  of  the  sensory  nerves  on  the  vaso-motor  centre,  availing 
liimself  also,  in  some  experiments,  of  confirmatory  evidence  of  pain.  Woro- 
■chiloff's  experiments  have  also  been  repeated  by  Sherrington  with  conclusive 
eonroboration.  These  various  experiments  are  far  from  certain  in  their  indica- 
tions, and  the  degree  of  uncertainty  is  also  the  subject  of  much  difference  of 
opinion.  Taken  together,  they  point  to  the  white  substance  as  containing  the 
•enaory  path — the  posterior  and  the  antero-lateral  columns.  In  these  two 
regions  there  are  fibres  which,  degenerating  above  a  lesion,  must  be  presumed 
to  conduct  upwards,  and  extend  through  the  spinal  cord  to  the  medulla.  These 
are  the  fibres  of  the  posterior  median  columns  and  the  antero-lateral  ascending 
tract.  But  the  posterior  median  fibi*es  may  be  extensively  degenerated  when 
sensation  is  unimpaired.  We  shall  presently  see  the  probable  meaning  of  this 
fact.  The  experimental  evidence  that  there  is  sensory  conduction  in  the  lateral 
columns  is  not  opposed  in  the  same  way  by  pathological  or  anatomical  facts, 
and,  indeed,  presents  some  harmonies  with  them  which  should  be  allowed 
weight, — although  no  scientific  evidence  is  more  easily  undervalued  and  even 
ignored  than  that  which  comiists  in  the  agreement  of  facts  in  different  regions 
of  investigation. 

The  subject,  however,  at  the  present  time  is  too  far  from  even  the  semblance 
of  settlement  to  make  a  discussion  of  the  evidence  worth  the  space  it  would 
need,  especially  in  a  work  dealing  with  practical  medicine.  It  is  only  desirable, 
therefore,  to  point  out  certain  leading  facts  and  leading  considerations. 

Experiments  suggest  that  the  lateral  columns  conduct  the  impressions  that 
are  felt  as  pain,  and  that  act  on  the  vaso-motor  centre — conduct  them  in 
animals  chiefly  on  the  side  of  the  cord  opposite  to  that  on  which  they  are 
produced,  slightly  on  the  same  side.  They  suggest  also  that  sensations  of  touch 
are  conducted  in  the  posterior  columns  of  the  cord.  In  man  the  paths  for  both 
sensations  are  on  the  opposite  side  of  the  cord.  We  may  accept  as  certain 
the  fact  that  the  tactile  or  painful  impulse  we  feel  crosses  the  middle  line 
soon  after  entering  the  cord  ;  it  is  probable  that  some  impulses  that  we  do  not 
feel  do  not  cross.  We  must  never  forget  that  there  is  strong  reason  to  believe 
that  only  a  minority  of  the  impulses  that  traverse  afferent  nerves  affect  our 
consciousness. 

But  how  few  fibres  there  are,  in  either  situation,  that  can  subserve  the  func- 
tion. The  fibres  of  the  posterior  median  column  pass  up  the  same  side  of  the 
cord,  and  in  the  posterior  columns  elsewhere  we  have,  besides  the  remaining 
root-fihres  and  the  "  comma  tract,"  an  apparently  insignificant  number  of  fibiea, 
and  these  do  not  degenerate  through  any  considerable  extent  of  the  cord. 
Nevertheless  the  front  of  the  post.-extemal  column  contains  a  Tery  large 
number  of  exceedingly  small  nerve-fibres,  which  have  attracted  less  notice  than 
tbey  deserve.    In  the  lateral  column,  moreover,  we  must,  in  like  manner. 
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dismiss  the  pyramidal  and  cerebellar  tracts — the  latter  because  disease  lias 
proved  to  us  that  the  path  of  these  sensations  is  by  the  pons  and  not  the  cere* 
bellum.  Still,  we  have  here  the  antero-lateral  ascending  tract,  and  we  ba?e 
also  the  ground  bundles,  and  the  question  presents  itself  which  seems  to  have 
been  tacitly  taken  as  a  greater  difficulty  than  it  really  is— does  the  absence 
of  the  continuity  which  would  cause  continuous  degeneration,  exclude  such' con* 
duction  a*  we  need  ?  The  fibres  that  do  not  degenerate  through  long  courses 
may  degenerate  through  short  tracts,  passing  into  the  grey  matter  to  nutrient 
cells.  Prof.  Foster  has  sutrgested  such  an  **  in  and  out "  path  as  probable  for 
this  sensory  conduction.  But  there  are  many  difficulties  in  the  conception  of 
such  very  frequent  interruption  by  nerve-cells  as  this  theory  involves.  A 
special  obfitacle,  moreover,  to  the  opinion  that  any  part  of  the  path  involves  the 
grey  matter  is  the  invariable  escape  of  sensation  in  anterior  polio-myelitis, 
which  must  often  involve  at  least  the  intermediate  grey  substance.  But  it  is 
possible  that  there  may  be  many  fibres  which  undergo  no  secondary  degenera- 
tion, and  yet  habitually  conduct  in  one  direction.  Because  we  admit,  as  we 
probably  ought  to  admit,  that  degeneration  in  a  given  direction  means  habitual 
conduction  in  that  direction,  it  does  not  follow  that  the  absence  of  degeneration 
means  the  absence  of  such  habitual  conduction,  although  the  assumption  seems- 
to  underlie  a  good  deal  of  current  reasoning  on  the  subject.  There  are  many^ 
fibres  of  unknown  function,  which  do  not  degenerate,  scattered  even  amon^ 
those  of  the  posterior  median  column,  and  there  are  still  more  in  the  post.-, 
external  column,  while  they  are  comparatively  abundant  in  the  anterior  column«» 

Still,  they  are  not  numerous  enough  to  save  us  from  the  second  difficulty^ 
that  the  fibres  we  can  look  to  are,  taken  altogether,  insufficient  in  number  to 
subserve  the  marvellous  difPerentiation  of  sensation  in  the  periphery — differ, 
entiation  in  quality  of  feeling  and  eiipecially  in  locality  of  feeling.     But  % 
difficulty  may  become  inoperative,  without  ceasing  to  exist,  by  being  absorbed 
in  a  still  larger  difficulty  of  the  same  kind.    If  we  avail  ourselves  of  all  the 
structures  of  the  spinal  cord  that  can  conceivably  subserve  upward  conduction, 
we  fail  to  find  room  for  the  separate  conduction  of  impulses  which,  neverthelesi, 
the  spinal  cord  must  separately  convey. 

On  only  one  hypothesis  is  it  possible  to  conceive  such  conduction.  The  in* 
creased  power  of  the  microscope  has  shown  us  that  each  axis-cylinder,  so  called, 
is  apparently  not  a  simple  body,  but  a  compound  structure,  composed  of  fibrillaB, 
and  comparable,  in  point  of  fact,  to  a  bundle  of  nerve- fibres.  The  sensory 
axis-cylinders  divide  at  their  peripheral  distribution  in  the  skin,  and  we  can 
scarcely  conceive  them  dividing  except  by  their  fibrillie.  It  seems  to  follow  of 
necessity  that  each  sensory  area  of  distinct  perception  must  be  subserved  by  one 
of  these  fibrillse.  It  is  conceivable  that  the  impulses  may  keep  each  to  its  own 
fibrillary  path,  even  if  an  axis-cylinder  contain  as  many  fibrillse  as  a  nerve 
does  fibres.  We  have,  indeed,  seen  that  such  fibrillse  seem  to  keep  separate 
even  in  traversing  a  nerve-cell.  It  is  only  by  such  an  arrangement  that  it 
seems  possible  for  the  sensory  impressions  from  skin  and  tissue^  of  touch, 
pain,  and  temperature,  to  be  carried  to  the  brain  so  as  separately  to  excito 
cei*tain  nerve-cells  of  the  cortex. 

If  these  considerations  have  weight  we  cannot  exclude  the  lateral 
and  posterior  columns  from  the  function  of  sensory  conduction  on 
account  of  the  scanty  fibres  we  can  discern  to  subserre  the  function, 
and  may  consider  what  evidence  on  the  point  disease  and  injnzj 
afford  in  man. 
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TTDilateTKl  lesions  of  the  Bpin&l  cord,  which  cause  loes  of  senribiUtj 
«f  th«  skin,  do  so  on  the  side  opposite  to  the  lesion.  Thia  is  tme  of 
all  fonna  of  sensibility.  Tbejr  thaa  prove,  beyond  doabt,  the  deonwft- 
lion  in  the  spinal  cord  of  the  path  from  the  cutaneous  nerres  of  pain 
(i.e.  common  eensibilitv),  of  touch,  and  of  temperature.  An  analysis  of 
the  cases  in  which  both  effect  and  lesion  have  been  exactly  ascertained 
—which  will  be  coneldered  more  fully  when  these  lesions  are  described 
— auggests  certain  other  conclusions  regarding  the  position  of  these 
patha  The  facts  surest,  first,  that  the  paths  for  soasations  t.f  pain 
and  of  touch  are  not  near  together.  Sensibility  to  pain  has  been  lost  in 
almost  all  recorded  cases,  but  that  to  touch  iu  only  two  thirds.  They 
safest,  secondly,  that  the  two  paths  for  tactile  sensibility  are  nearer 
together  than  are  the  two  paths  tor  oommoo  sensibility.  In  no  case 
of  chiefly  unilateral  lesion  has  sensibility  to  pain  been  lost  on  both 
aides,  whereas  in  two  recorded  cases  sensibility  to  pain  was  lost  on  the 
side  opposite  to  tbe  lesion,  while  that  to  touch  was  lost  on  both  sides.* 
Both  these  conclusions  harmonise  with  tbe  suggestion  of  experiment, 
that  ptunful  sensations  are  conducted  in  the  lateral  column,  those  of 
touch  in  tlie  posterior  column.  These  conclusions,  moreorer,  are  sup- 
ported by  the  f'lcta  of  two  important  caries  of  injury  to  the  cord 
which  afford  direct  localising  indica- 
tions. One  is  a  case,  recorded  by 
myself.f  in  which  tbe  spinal  cord 
in  tbe  upper  cervical  region  was 
damaged  by  a  small  spiculum  of  boue 
being  driveD  against  it  by  a  bullet, 
which,  entering  the  mouth,  lodged 
in  the  body  of  tbe  third  cervical 
Tprtebra.  The  extent  of  the  lesion  of 
the  cord  is  shown  in  Fig.  82.  The 
chief  injury  is  clearly  to  the  lateral  Fio- 82.— Section  of  ipm«l  cord  be- 
column  and  grey  matter,  the  posterior 
oolumn  being  merely  swollen,  appa- 
rently by  oedema.  The  affected  part  was  the  seat  ot  hemorrhage  and 
hmnorrbagic  infiltratiou.  Tbe  effect  was  entire  loss  of  sensibility  to 
paia  on  the  opposite  side  without  any  impairment  of  tactile  seost- 
bility.  To  this  the  other  case,  recorded  by  Miiller,  J  is  almost  a  com- 
plement. A  stab-wound  divided  the  whole  of  one  half  of  the  cord, 
including  the  posterior  column,  and  also  the  posterior  column  of  the 

•  It  if  pnsiible  thnt  tactile  KDiibilitf  mfty  hare  been  loit.  In  otber  tauet,  on  the 
■ceond  (ide,  i-  »■  on  tbe  lide  of  tbe  leiion,  >nd  the  Iqh  riij  hare  eaesped  notice  In 
eonieqaence  of  tbe  exaltation  of  letiiibilitj  which  i>  communij  prMcnt,  and  wbieh 
ii  precumnblj  due  to  tbe  oerre*  of  common  isDubilitjr. 

t  ■  Clinii.ll  Society*!  Trani.,'  vol.  li,  1876,  p.  2i. 

X  •  Beitrtge  lar  Patb.  Annt.  nnd  Pbva.  der  RaekenmV  Lelpiif ,  1S71.  Abelnicte. 
which  mpplemeot  each  other,  and,  tOB*th«r,  ^ve  a  (all  aocoont  of  the  cue,  will  he 
(unnd  in  Eobner'a  article  on  Duilateral  lesioiii,  ■  Drnt.  Arch.  f.  klin.  Med.,'  1877, 
Bd.sii,  p.  100  i  and  in  'Tirchov'i  Jabreibericht,'  18TI,  Bd.  i,  p.  152. 
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allo^red  siguificance,  because  it  is  not  uncomroon  to  have  more  than 
one  focus  of  disease  in  the  grey  matter.  The  following  summarj 
presents  the  conclusions  that  seem  probable  from  the  eyidence  at 
present  available^ 

The  various  facts  for  the  most  part  fully  confirm  the  conclusioD  of 
Remak,  corroborated  by  the  experiments  of  Ferrier  and  Yeo,  that 
most  movements  and  muscles  are  represented  in  vertical  tracts,  and  the 
whole  anterior  grey  matter,  at  any  one  nerve-segment,  contains  cclU 
that  are  concerned  with  different  movements.  An  extensive  lesion  of 
small  vertical  extent  may  thus  weaken  many  movements,  but  abolish 
none.  The  special  representation  of  the  muscular  functions,  i,  #. 
of  definite  movements,  is  no  doubt  related  to  special  groups  of  nerve- 
cells,  but  a  single  group  may  be  concerned  in  more  than  one  associated 
movement.  Different  gproups  are  probably  intimately  connected, 
because  we  know  that  the  contraction  of  any  muscle  is  accompanied 
by  a  slighter  but  proportioned  contraction  of  its  antagonists.  Anato* 
mical  connections  in  both  spinal  cord  and  brain  doubtless  underlie 
this  association. 

CsRViOAL  Rboioit. — The  highest  cervical  region  apparently  contains  centra 
for  the  small  rotators  of  the  head,  and  the  depressors  of  the  hyoid  bone  were 
found  by  Beevor  and  Horsley  to  be  related  to  the  first  two  pairs  of  nerves,  tbe 
sterao- hyoid  and  stemo-thyroid  chiefly  to  the  first  and  the  omohyoid  to  tha 
■econd.f  The  upper  part  also  contains  centres  for  the  moscles  of  the  neck, 
especially  for  the  stemo-mastoid  and  upper  part  of  the  trapezius.  The  dii> 
phragm  is  probably  represented  in  the  grey  matter  at  the  level  of  the  roots  of 
the  phrenic  nerve,  the  fourth  cervical.  In  the  brachial  region  of  the  cervical 
enlargement,  the  muscles  of  the  shoulder  are  represented  chiefly  in  the  upper 
part ;  the  intrinsic  muscles  of  the  hand  in  the  lower  part.  The  flexors  of  tbe 
elbow  are  represented  above  its  extensors,  and  the  supinaton  and  extenson 
of  the  wrist  above  the  flexors  of  the  wrist. 

Deltoid,  scapular  muMcUs,  peeioralis,  and  $erratu$. — The  fifth  and  sixth 
segments,  for  the  most  part  the  sixth,  and  probably  the  outer  group  of  nerve- 
cells-t  The  centres  for  the  two  parts  of  the  pectoralis  are  separate,  and  an 
associated — the  clavicular  with  that  of  the  serratns  magnus,  the  costal  with 
that  of  the  latissimus  dorsi  (see  p.  30).  These  associated  muscles  are  represented 
near  together,  but  not  at  the  same  spot ;  the  association  is  often  reproduced  in 
diseafle  of  the  anterior  comu,  the  clavicular  part  being  affected  together  with 
the  serratus,  but  one  muscle  may  suffer  without  that  which  is  commonly 
aitsociated  with  it. 

The  Flexors  of  the  elbow  and  supinators  probably  correspond  nearly  in  level 

*  A  useful  summary  of  the  evidence  up  to  the  middle  of  1884  was  given  bj  Dr. 
Allen  Starr,  in  the  '  American  Journal  of  Neurologj,'  Aug.  and  Nov.,  1884.  The 
subject  is  a  tempting  one  for  theory,  but  it  is  very  important  to  keep  to  tbe  solid 
ground  of  facts,  however  limited  it  may  be  in  extent. 

t  Chiefly  the  ponterior  belly  of  the  muscle,  by  a  branch  joining  the  glosso- 
pharyngeal. The  other  muscles  named  (including  slightly  the  anterior  belly  of  the 
omohyoid)  are  innervated  from  the  first  cervical  by  a  branch  joining  the  bypogloisal. 

X  Thorbum  (loc.  cit)  refers  the  infra-  and  sapra-spinata  with  much  probability  Is 
the  fourth  pair  of  nerves. 
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pio«>f  that  these  root-fibres  pass  up  without  interruption,  the  muscle- 
ivflex  action  must  be  subserved  bj  other  fibres.  For  it,  however, 
comparatively  few  may  suffice.  With  regard  to  the  other  sensorv 
fibres,  the  evidence  at  present  suggests  that  all  undergo  inter- 
ruption in  the  spinal  cord,  since  no  other  paths  have  yet  been 
found  d^enerated  when  a  lesion  has  been  confined  to  the  nerve-roots. 
Ef  sOy  the  same  fibres  probably  subserve  sensation  and  reflex  action, 
the  nerve-cells  or  fibrillary  plexus  providing  a  mechanism  for  the 
iliTision  of  the  path  and  diversion  of  the  impulses.  No  impression, 
tn  health,  causes  a  true  reflex  action  that  does  not  also  produce  a 
conscious  sensation. 

We  know  very  little  of  the  serial   representation  of  cutaneous 

tensibility  in  the  spinal  cord.     It  is  probable,  however,  that  there 

ia  a  progressive  representation  of  the  skin  in  the  posterior  nerve-cells 

without  relation  to  the  nerve-trunks  and  with  only  a  slight  relation  to 

the  nerve-roots.     Correspondence  with  the  latter  must  not  be  assumed. 

In  the  roots  the  serial  representation  is  along  the  axis  of  the  limb,  not 

across  it,  as  it  probably  is  in  the  nerve-cells.     In  the  dorsal  cord, 

Mcending  disease  often  causes  an  affection  of  sensation  which  extends 

around  the  trunk  at  higher  and  higher  levels.     In  the  limbs  we  have 

indications  of  the  same  arrangement :  the  soles  and  palms  may  be 

affected  alone,  and  ansesthesia  mav  extend  on  the  limb  to  a  certain 

level,  irrespective  of  nerve  distribution.     This  is  often  seen  in  the  legs. 

I  have  known  aneesthesia  in  the  arms,  due  to  disease  of  the  cord,  to 

cease  midway  between  shoulder  and  elbow,  at  the  same  level  around 

each  arm.    Disease  of  the  cord  may  affect  sensation  on  the  tips  of  the 

fingers  only.    It  is  probable  that  the  ascending  course  of  many  of 

the  root-fibres   subserves  a  rearrangement  of  representation  in  the 

cells,  and  provides  also  for  a  special  connection  of  the  tactile  nerves 

from  each  part  of  the  skin  with  the  motor  cells  for  the  muscles  beneath 

—so  conspicuous  in  many  of  the  cutitneous  reflexes. 

Betlex  Action. — The  grey  matter  of  the  spinal  cord  constitutes  a 
aeries  of  reflex  centres,  some  of  which  must  be  of  considerable  ver- 
tical extent  and  much  complexity,  and  are  subserved  possibly  not 
only  by  the  grey  matter,  but  by  the  short  fibres  that  in  the  several 
white  columns  seem  to  connect  the  grey  matter  at  different  levels. 
The  passage  of  the  root- fibres  upwards  and  downwards  in  the  cord, 
before  tbey  turn  into  the  grey  matter  (conspicuous  in  the  posterior 
roots),  also,  as  we  have  noted,  constitutes  an  arrangement  for  spreading 
the  afferent  impulses  through  a  considerable  vertical  extent  of  the  cord. 

We  have  already  seen  (p.  14)  that  we  must  distinguish  two 
forms  of  reflex  action — the  cutaneous  reflex  action  and  the  muscle- 
nfflex  action,  the  latter  producing  the  "  mjotatic  irritability  "  which, 
as  we  assume,  determines  the  so-called  "  tendon-reflex  contractions." 
The  first  form  of  reflex  action  is  not,  however,  limited  to  impres- 
sions on  the  cutaneous  nerves.  It  may  be  produced  by  stimulation  of 
the  nerves  supplying  the  deeper  structures,  including  those  of  the 


k 


9  SPINAL   CORD. 

tendoDB  &nd  muscles.  The  atteiujit  to  olitain  the  knee-jerk  may 
a  true  reflex  action  as  veil  as  its  special  effect,  the  two  being  Beparatej,. 
by  ail  appreciable  inter?al  of  time  (see  "  Locomotor  Ataxy  ") , 
aetioQ  from  the  skin  Is  apparently  Bubserred  by  all  the  senxotf, 
nervea.  since  it  may  continue,  although  the  nervea  for  either  pain 
touch  have  ceased  to  act,  in  consequence  of  thoae  degenerative  pro- 
cessea  by  nhi::h  fuaution  is  eometiinea  abolished  in  as  complete 
degree  and  with  as  precise  liuiJlation  as  the  physiological  inquirer 
could  desire. 

The  central  process  conci^med  in  reflex  action  must  take  place 
between  the  jiosterior  nerve-roots,  by  which  the  sensory  impulses  reacb 
the  cord,  and  the  auterior  roots  by  which  the  motor  inpulsea  leave  it. 
The  motor  ganglion-cells  form  pai-t  of  the  reflex  centre,  aod  the  rest 
of  the  centre  is  doubtless  constituted  by  part  of  tbe  fibrillary  plexus. 
the  minute  nerve-cells  within  it,  and  also  by  the  sensory  nerve-cells. 
The  whole  path  between  and  including  the  in-  and  ont-bearipg  nen-e* 
may  be  spoken  of  as  the  "  reflex  arc ;"  the  grey  matter  concerned 
being  called  the  "reflex  centre,"  In  this  "centre"  the  sensory 
impulse  is  transformed  into — or  rather  gives  rise  to — a  motor  impiiis«, 
usually  much  greater  in  tbe  degree  of  its  energy.  Within  the  centre 
there  are  paths  establiabed  by  tbe  connections  between  the  nerve- 
fltructnres,  of  which  only  a  few  are  in  functional  use.  It  is  easy 
to  conceive  that  the  functional  action  takes  pUce  more  readily  ia 
some  lines  than  in  others,  and  these  lines  of  easiest  aclioii  are  oftea. 
spoken  of  as  "  lines  of  least  resistance, "  and  are  said  to  determine  tlis 
form  of  the  reflex  action. 

Tbe  stronger  (within  limits)  the  aSerentstimulus,  tbe  more  widelj 
does  the  proceas  spread  in  the  centre,  and  the  more  extensive  is  tha 
movement  produced.  Thus  a  slight  touch  on  the  sole  may  cause  onlj 
a  movement  of  the  foot,  wiiile  a  prick  may  cause  a  movement  of  tli« 
whole  limb.  At  the  some  time  there  is  much  more  than  degree  iuvolved 
in  tbe  difference  between  these  two  Btiinuli.  The  impression  that  is  felt 
as  pain  causes  a  quick  simple  movement  of  tbe  part,  in  which  cbieflj 
the  fiexors  are  involved.  It  is  a.  movement  obviously  to  withdraw  from 
barm,  and  it  is  proportioned,  in  energy  and  extent,  to  tbe  intensity 
of  the  atimuliilion.  To  this,  however,  there  is  one  limilation: — a 
atrong  impression  of  pain  may  prevent  all  reflex  uiovement  hj 
exerting  an  inhibitory  influence  on  the  centres.  On  the  other  hand* 
A  tactile  impression  causes  a  much  more  complex  movement,  which 
does  not  hear  a  simple  relation,  in  extent  and  energy,  to  the  degr«o 
of  the  sensory  impulse,  but  is  also  influenced  by  tbe  quality  of  th« 
impression  at  the  place  at  which  it  is  produced.  Thus  the  reflex  move, 
inent  produced  from  tbe  piilm  or  sole  is  eaiieeiiilly  eluburate ;  it  may 
present  an  indioation  of  the  central  relation!  by  which  tbe  purposed  luo 
uf  the  extremities  is  facilitated.  The  effect  of  all  painful  iupressiooi 
ia  aimilar,  whether  these  are  produced  throu)ib  the  nervea  of  tbe  akin 
or  those  of  deeper  structures.     The  reflex  action  caused  by  pinching 
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Henoe  phjuiologitts  have  relied  chiefly  on  the  results  of  experiments  od 
•Btmals.  Unfortanately  the  help  these  can  ^ive  is  also  reduced  to  a  literal 
Dtnimam  by  the  difliculties  of  experimentation  and  of  interpretation ;  the 
phrsical  difficnities  on  the  one  hand,  the  functional  perplexities  on  the  other. 
Sotae  clear  facts  have  been  ascertained,  and  other  results  have  been  obtained 
that  still  wait  certain  interpretation.  The  earlier  experiments  of  Brown- 
S^nard  established  one  important  fact,  which  has  been  fully  confirmed  bj 
pathology,  that  the  chief  part  of  the  sensory  path  crosses  the  middle  line  soon 
mfter  it  enten  the  cord,  and  passes  np  to  the  brain  on  the  other  side.  The  experi- 
BDents  by  others  which  seem  to  deserve  the  greatest  weight  are  those  of  SchifF 
mud  Woroschiloff.  The  latter  employed,  as  a  test  of  upward  conduction,  the 
effect  of  stimulation  of  the  sensory  nerves  on  the  vaao-motor  centre,  availing 
liimself  also,  in  some  experiments,  of  confirmatory  evidence  of  pain.  Woro- 
•chiloff's  experiments  have  also  been  repeated  by  Sherrington  with  conclusive 
corroboration.  These  various  experiments  are  far  from  certain  in  their  indica- 
tions, and  the  degree  of  uncertainty  is  also  the  subject  of  much  difference  of 
opinion.  Taken  together,  they  point  to  the  white  substance  as  containing  the 
•ensoiy  path — the  posterior  and  the  antero*lateral  columns.  In  these  two 
r^ons  there  are  fibres  which,  degenerating  above  a  lesion,  must  be  presumed 
to  conduct  upwards,  and  extend  through  the  spinal  cord  to  the  medulla.  These 
are  the  fibres  of  the  posterior  median  columns  and  the  antero-lateral  ascending 
tract.  But  the  posterior  median  fibres  may  be  extensively  degenerated  when 
sensation  is  unimpaired.  We  shall  presently  see  the  probable  meaning  of  this 
fact.  The  experimental  evidence  that  there  is  sensory  conduction  in  the  lateral 
columns  is  not  opposed  in  the  same  way  by  pathological  or  anatomical  facts, 
tnd,  indeed,  presents  some  harmonies  with  them  which  should  be  allowed 
weight, — although  no  scientific  evidence  is  more  easily  undervalued  and  even 
ignored  than  that  which  constists  in  the  agreement  of  facts  in  difPerent  regions 
of  investigation. 

The  subject,  however,  at  the  present  time  is  too  far  from  even  the  semblance 
of  settlement  to  make  a  discussion  of  the  evidence  worth  the  space  it  would 
need,  especially  in  a  work  dealing  with  practical  medicine.  It  is  only  desiiablet 
therefore,  to  point  out  certain  leading  facts  and  leading  considerations. 

Experiments  suggest  that  the  lateral  columns  conduct  the  impressions  that 
are  felt  as  pain,  and  that  act  on  the  vaso-motor  centre— conduct  them  in 
animals  chiefly  on  the  side  of  the  cord  opposite  to  that  on  which  they  are 
produced,  slightly  on  the  same  side.  They  suggest  also  that  sensations  of  touch 
are  conducted  in  the  posterior  columns  of  the  cord.  In  man  the  paths  for  both 
sensations  are  on  the  opposite  side  of  the  cord.  We  may  accept  as  certain 
the  fact  that  the  tactile  or  painful  impulse  we  feel  crosses  the  middle  line 
soon  after  entering  the  cord  ;  it  is  probable  that  some  impulses  that  we  do  not 
ft^el  do  not  cross.  We  must  never  forget  that  there  is  strong  reason  to  believe 
that  only  a  minority  of  the  impulses  that  traverse  afferent  nerves  affect  our 
consciousness. 

But  how  few  fibres  there  are,  in  either  situation,  that  can  subserve  the  func- 
tion. The  fibres  of  the  posterior  median  column  pass  up  the  same  side  of  the 
curd,  and  in  the  posterior  columns  elsewhere  we  have,  besides  the  remaining 
mot-fibres  and  the  "  comma  tract,"  an  appai*ently  insignificant  number  of  fibres, 
and  these  do  not  degenerate  through  any  considerable  extent  of  the  cord. 
Xevertheless  the  front  of  the  poet.-extemal  column  contains  a  very  largs 
number  of  exceedingly  small  nerve-fibres,  which  have  attracted  less  notice  than 
they  deserve.    In  the  lateral  column,  moreover,  we  must,  in  like  manner. 


.■.T...Tlf 


•»*  •'t»  ifihHifff^r  -antn  :•  aeti»»,  tha  detrn»oT  at  rait 
"■y*:"**  -,•'  M  ttrxrviit  ioinalae'  from  the  bla/ider  and  ■ 
'""'"•'"■•^  *h*  *ir*in  Th«o  cfa«<l«Craaor  centre  acta.ud 
■  -*t  mt.  If  volnntuy  power  ia  impured, 
tt^tlw  fmit  -b*  r,|ari,]«r  jamj  bs  iiuulBcient.  and  thfn 
I.,  r"  *  ■'^'^•■''■•; T  In  irh^r  »•« -he  motor  centre  may  jield  too 
■  I'll'-  '/>  •;:.•  -tffv-ortf  iiitnnl*^.  Awl  zhfTK  is  reflex  incontiiience. 
v!»l,"''7b  r/y  -ir»„^  ^^f*  of  "ihe  ti«"— wfafji  eawai  ia  nnder  Toluntary 
r»*  ipp  ^rniiiWT  rvJated  to  the  apinal  cord,  by  meui 
>t  -.be  ooonection  between  the  ajatft- 
-b«^e  4*<it«a  luid  the  nerre-roots.  Cod- 
itiMrioa  is  eztremely  eommoa  in  diieau 
;(  ;be  miiuX  usrd,  and  is  often  greater 
'baa  >»B  be  accounted  for  bj  the  men 
.»M  of  power  of  the  ab-lomioal  musclet, 
Tb«  paia  in  the  back  that  is  io  commoD 
LB  lisMse  of  the  atomach  has  been  le- 
jaid#d  .M  a  reflet-ted  pain,  due  to  thi> 
i^onnaction. 

The  Merium  fmietiona  are  probablj  io- 
depemieni  of  the  e(»d  in  greater  degree 
:liwi  those  of  any  other  organs  under 
:1m  ittflaenee  of  the  ajnipathetic.  The 
foBetion  of  menstmation  goes  on  iude- 
poBtientlj  of  eord  diaease,  and  nay  be 
tegnlar  althoneh  there  ia  absolnte  urett 
of  all  condnetioD,  aenaory  and  motor. 
Pte^naaej  and  laboar  m&j  proceed  in 
oonnal  oourae,  in  ipite  of  anch  diteaae 
of  the  cord  aa  cauaea  complete  motor 
paraplegia. 

SsHoi    J^NdtoM.— The    &ctiritj    of 

tiie  aezoal  organa  depends   on   the    ii^ 

tegritj  of  the  reflex  loop  to  and  froai 

ft   special   centre,  alao  aitaated   in   the 

lumbar  enlai^ment,  bat  the  due  action 

of    thia    centre    depends     on    cerebral 

(pajchical)  aa  well  as  on  refles  influenoea. 

fuHn^   ■"^oo    i»  indiawd-     Disease  of  the  centre,  or  of  the  nerrea 

th«  X-trnwr  .-mtn  ictiQg.        ie»dmg  to  OT  from  it,  aboliahea  aeznal 

action.    The  sexual    reflex  ia,  howerer, 

on*'  of  the  ctitanfous  refleiea,  and  it  aharea  the  condition  of  these 

rather  than  of  the  moKle-reflex  proceases. 

Th<^  centre  ia  probably  double,  and  ita  action  is  impaired  by  inters 
iert-Dce  with  fitb^r  half.  When,  bydiaeaae  higher  up,  the  connection 
with  the  ptijcbical  ceotrea  ja  interrupted,  the  sexual  act  eannot  be 
^erfe':tly  j'Crf ormed.     If  the  path  from  the  controlUng  eentn  {p.  90) 
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shortened  adapt  themselyes  to  the  change  as  it  proceeds.  Apparently 
the  increased  tension  on  the  former  makes  them  yield  to  the  move- 
ment, and  the  lessened  tension  on  the  latter  makes  them  contract,  each 
set  thns  preserring  its  proper  tone.  The  tone  of  a  muscle  seems  to  be 
produced  by  a  reflex  process,  due  to  a  certain  state  of  the  motor  cells 
rei;u1ated  by  the  impressions  from  the  afferent  muscle-nerves.  These, 
as  we  have  seen,  are  produced  by  two  mechanical  influences,  the 
lateral  pressure  of  the  fibres  (as  in  the  pain  of  cramp)  and  the  tension 
on  the  muscle.  An  increase  of  the  latter,  in  passive  movement, 
seems  to  lessen  the  activity  of  the  cells  and  permit  the  fibres  to 
elongtite  ;  a  diminution  increases  the  activity  of  the  cells  and  causes 
the  fibres  to  shorten.  Whether  any  other  afferent  impressions 
influence  the  process  we  do  not  know. 

Co-o&DiNATiOK  or  MovEMBNT. — The  co-ordination  of  muscular 
contractions,  which  results  in  the  ordination  or  ordering  or  arrange- 
ment of  movement,  has  been  already  described  (p.  7),  so  far  as  its 
general  features  are  concerned.  We  Citnnot  ascribe  to  the  spinal  cord 
any  process  that  can  be  designated  the  arrangement  of  movement ; 
since  the  muscular  contractions  correspond  to  the  activity  of  the  motor 
cells  of  the  cerebral  cortex  and  to  the  corresponding  impulses  along  the 
pyramida}  fibres.  These  determine  the  initial  activity  of  the  motor 
cells  of  the  cord  both  for  the  muscles  that  move  a  part,  and  for  those 
that  oppose  the  action  of  the  others  and  give  steadiness  and  uni- 
formity to  the  movement.  But  these  impulses  from  the  brain  descend 
on  spinal  cells  that  are  not  in  a  passive,  inactive,  f unctionless  state. 
Such  a  state  probably  never  exists,  for  even  when  there  is  no  volun- 
tary activity,  there  must  be  the  activity  on  which  the  tone  depends, 
that,  as  we  have  just  seen,  must  exist  in  all  postures  of  the  limbs. 
This  state  of  the  cells  preceding  voluntary  activity  is  determined  by 
the  afferent  impulses,  chiefly  by  those  from  the  muscles.  Through  these 
the  muscles  are  adapted  to  posture,  and  in  the  mechanism  for  adaf>ta- 
tion  to  posture  we  may  trace  also  a  mechanism  for  part  at  least  of  the 
oo-ordination  effected  in  the  spinal  cord.  This  seems  to  consist  of 
two  parts.  (1)  An  automatic  variation  in  the  state  of  muscles,  per- 
mitting the  ordered  performance  of  intended  movements.  The  state 
of  the  afferent  impulses  acting  from  the  muscle  on  the  motor  cells 
must  be  at  once  altered  by  the  effect  of  the  voluntary  activity 
of  the  muscles,  since  this  will  alter  the  impulses  in  the  muscle- 
nerves  by  the  changed  and  changing  pressure  and  tension  on 
the  tissues  in  which  these  nerves  end — the  pressure  of  the  con- 
tracting and  widening  fibres  and  the  tension  in  the  antagonists 
that  oppose  the  motion,  but  do  not  prevent  it,  and  are  made 
more  tense  by  the  muscles  they  are  opposing.  These  impulses 
pats  to  the  cord,  and  there  act  on  the  motor  cells,  and  influence 
diair  atttte  in  a  way  that  we  can  at  present  only  guess  at,  but 
vUdi  most  bo  of  the  utmost  importance.  There  must  of  necessity 
te  m  ddbufee  rsfaitioo  between  certain  states  of  the  muscle  and  the 
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Tablit  ihowing  (ke  approximate  relation   to   th«  ipindt  nenta  of  (At 
t  motor.  Meittory,  and  reflex  funeliont  of  the  ipinal  eori. 
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resulting  movement.*  The  impulses  may  Teach  the  cerebellum,  as 
me  have  seen,  from  the  grej  matter  of  the  post-pjramidal  uuclens  in 
which  these  fibres  end.f  But  this  primary  co-ordination  is  not  a 
fonction  of  the  cord,  although  it  may  be  lost  in  consequence  of 
disease  of  the  cord.  The  direct  cerebellar  tract  may  constitute  a 
nniilar  path,  but  of  this  we  have  only  the  evidence  of  destination  and 
analogy. 

It  is  probable  that  the  mechanisms  just  alluded  to,  as  constituted 
bj  the  functional  relations  between  the  motor  and  sensory  structures 
in  the  cord,  very  much  facilitate  the  execution  of  many  movements, 
and  especially  of  those  that  are  the  more  simple  in  their  character. 
The  less  yariation  a  movement  is  capable  of,  or  needs,  the  more  largely 
mmj  the  spinal  mechanism  be  concerned  in  its  arrangement ;  and  hence 
such  actions  as  standing  and  walking  may  be  effected  through  a 
comparatively  small  number  of  the  pyramidal  fibres,  and,  as  we  shall 
•ee,  they  may  still  be  performed  when  there  is  disease  that  would 
prevent  a  more  elaborate  action.  It  is  also  probable  that  in  animals 
such  spinal  mechanisms  are  developed  to  a  greater  extent  than  in 
mail,  and  care  must  be  taken  in  drawing  inferences  from  one  to  the 
other. 

The  impulses  from  the  muscles  that  determine  the  muscle-reflex 
action  and  the  spinal  co-ordination,  must  pass  by  nerves  that  end  in 
the  grey  matter  and  are  connected  with  nerve-cells,  at  or  near  the 
level  at  which  they  enter  the  cord.  We  do  not  know  whether  it  is 
through  these  fibres,  or  through  those  that  pass  upwards  without 
interruption,  that  the  impulses  are  conveyed  which,  when  excessive  in 
degree,  give  rise  to  muscular  sensations.  But  attention  may  again  be 
called  to  the  important  evidence,  afforded  by  such  sensations,  of  the 
abundance  of  upward  impulses  of  which  we  are  normally  unconscious. 
These  nerves,  it  will  be  remembered,  begin  in  the  connective  tissue 
of  the  muscles,  and  the  acute  pain  of  cramp,  and  the  muscular 
tenderness  in  such  affections  as  multiple  neuritis,  afford  indirect 
evidence  of  impulses  which  we  do  not  usually  observe,  and  might 
almost  doubt ;  while  the  manner  in  which  such  pain  is  excited  is  very 
dear  evidence  of  the  sensitiveness  of  the  nerves  to  the  modes  of  stimu- 
lation that  have  been  assumed  as  effective.  We  have  already  seen 
(p.  9)  that  it  is  through  such  unfelt  impulses  that  we  probably  derive 
the  chief  part  of  our  conceptions  of  posture,  a  subject  that  must  again 
be  considered  in  connection  with  the  brain. 

iKTLirBNCB  OK  NuTBiTiOK. — ^Thc  uutritiou  of  the  muselei  is  under 
the  control  of  the  anterior  grey  matter,  and  probably  of  the  motor 

*  ThU  hat  been  experimentiilly  confirmed  by  Becbterew,  wbo  finds  that  section 
of  tlie  posterior  columns,  in  varions  animals,  above  tbe  lumbar  enlargement  caosei 
a  defect  of  co-ordination  similar  to  that  proddced  bj  loss  of  the  cerebellum 
(BMhtcrew,  •  W jestnik  psicb.  L  nevropat.,'  1889,  vii,  1 ;  and  « Near.  CeutralbL,' 
1890.  p.  82). 

t  A  connection  recently  confirmed  by  Brosset»  'Des  Connexions  da  Cervelet,' 
Fkn^l891. 
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nerve-cells.  The  influence  is  exerted  through  the  motor  nerves,  and 
indeed  consists  in  the  normal  integrity  of  the  fibres  (see  p.  24). 

The  nutrition  of  the  honei  and  joints  is  also  iinder  the  control  of  the 
cord,  and  probably  is  exerted  through  the  posterior  roots.  It  is  true, 
the  growth  of  the  bones  is  hindered  when  the  anterior  comua  ar« 
diseased,  but  no  atrophic  change  seems  then  to  occur  in  the  osseoui 
structure,  and  the  influence  of  the  paralysis  may  be  indirect.  A  true 
trophic  change,  and  an  alteration  in  the  joints,  may  occur  in  locomotor 
ataxy,  in  which  the  disease  is  of  the  posterior  nerve-fibres. 

The  nutrition  of  the  akin  seems  also  to  depend  on  nerves  that  have 
their  course  in  the  posterior  roots.  The  clearest  fact  is  that  irritation 
of  the  nerve- structures  has  far  more  effect  than  simple  loss  of  function. 
It  is  when  the  cord  or  nerve-roots  are  the  seat  of  irritative  inflam- 
mation that  the  most  acute  trophic  changes  occur,  while  mere  degene- 
ration of  these  nerves  induces  slower  and  slighter  changes  (see  p.  22). 

Visceral  Contbol. — Although  the  viscera  are  under  the  immediate 
control  of  the  sympathetic  system  of  nerves,  they  are  related  to  centres 
in  the  spinal  cord,  and  it  is  from  these  centres  that  the  controlling 
influence  is  really  derived,  probably  by  means  of  the  finer  fibres  of 
the  anterior  roots.  The  relation  is  the  most  direct  and  important, 
so  far  as  concerns  the  diseases  of  the  spinal  cord»  in  the  case  of 
the  organs  over  which  the  will  has  an  influence,  the  recium  and  the 
bladder.  The  centres  for  these  are  in  the  lumbar  enlargement,  but  we 
do  not  know  their  exact  position.  They  are  probably  complex  reflex 
centres.  We  can  best  understand  their  action  by  studying  them  when 
voluntary  influence  is  lost. 

The  centre  for  the  sphincter  ani  is  the  more  simple,  but  the  system 
of  action  of  each  is  probably  similar.  In  the  wall  of  each  viacus  we  have 
muscular  fibres  to  expel  the  contents,  and  at  the  mouth  a  sphincter 
arrangement  to  prevent  continuous  evacuation.  Fasces  or  air  in  the 
rectum,  and  urine  in  the  bladder,  may  excite  the  lumbar  centre, 
and  cause  two  effects — contraction  in  the  wall  and  relaxation  of  the 
sphincter.  This  process  can  be  controlled  by  the  will  to  a  consider- 
able extent,  although  we  are  still  ignorant  of  the  precise  mode  in  which 
the  voluntary  influence  is  exerted.  But  if  the  volitional  path  in  the 
cord  is  interrupted  above  the  lumbar  centres,  the  will  can  no  longer 
control  the  reflex  processes  ;  as  soon  as  fseces  irritate  the  rectum,  they 
are  expelled  by  the  reflex  mechanism  ;  as  soon  as  a  sufficient  quantity 
of  urine  accumulates  in  the  bladder,  a  reflex  contraction  of  the  detrusor 
and  relaxation  of  the  sphincter  cause  its  escape.  The  affection  of  the 
voluntary  path  for  the  sphincter  is  not  always  proportioned  to  that 
for  the  legs.  If  the  damage  to  the  cord  involves  also  the  sensory  tract, 
the  patient  is  unconscious  of  the  action  of  the  bladder  or  bowel.  If 
the  sensory  tract  is  unaffected,  the  patient  is  aware  of  the  process,  but 
cannot  control  it.  It  is  often  said  that  there  is  permanent  relaxation 
of  the  sphincters,  but  this  is  true  only  when  the  lumbar  centres  arc 
inactive  or  destroyed.     In  this  condition  evacuation  occurs  as  soon 
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•J  tocet  or  urine  enter  the  bowel  or  iMtwa.  The  urine  escape! 
continuously,  instead  of  being  expelled  at  iuterrals.  The  condition  ia 
leu  obvious  in  the  case  of  the  rectum,  because  there  is  no  such  con- 
tinuous pasBs^  of  fieces  Into  the  rectum  as  there  is  of  urine  into  the 
bladder.  We  maj,  however,  diatingutsb  between  the  two  states  of  the 
rectum  bj  the  introduction  of  the  finger.  If  the  lumbar  centre  is 
inactiTe,  there  is  a  momentary  contraction,  due  to  local  stimulation  of 
the  sphincter,  and  then  permanent  relaxation.  If,  however,  the  reflex 
centre  aod  motor  nerves  from  it  are  intact,  the  introduction  of  the 
finger  ia  followed,  first  by  relaxation,  and  then  by  gentle,  firm,  tonic 
contraction.  I  have  verified  this  by  introducing  an  india-rubber 
cjlinder  instead  of  the  finger,  and  registering  the  pressure  on  the 
cylinder  by  connecting  it  with  a  recording  apparatus.  The  relaxation 
is  then  found  to  be  preceded  by  a  very  slight  brief  contraction,  and 
to  be  followed  by  unbroken  tonic  contraction.  The  relaxation  may 
alao  be  readily  produced  by  any  impression  on  the  mucous  membrane 
above  the  sphincter.    Fig.  83  shows  some  of  the  tracings  obtained. 


SMMMI 


I.  Effect  on  contnatioD  of  iphlncter  of  the  injectioD  into  tha  rectam  of  ■  ihibII 
qusntitj  of  «ir  iC  *.  a,  fall  in  preuure  due  to  tbe  inbibitiou  of  the  contnc- 
tion  i  b,  riie  dae  to  the  *lawlj  retuminK  coiitractiDH.  8.  Effect  oF  tt.e  intro- 
daction  oftfa*  inatrnmvDt.  a,  iDildeii  rltt  of  ]tm  Rt  moment  of  iutroductlon, 
do*  to  tba  eipasare  of  t)ie  initrument  to  the  preuure  of  tlie  iphincter  (tbe  top 
of  thii  liae  nprecenta  the  deeree  of  previoui  cantrBCtion)  ;  t,  initial  riie  line  to 
ineittted  rootmction ;  e,  fill  from  pmrtial  inliibiiioii ;  if,  ■ubtequeut  coiitnu)~ 
UoD,  riling  lo  n,  greater  dpgree  than  tbe  initial  contraction,  and  •obM^uantlf 
{■lling  alightlir-  3,  Effect  of  ooagh.  a,  preuure  of  tonic  eontraction  of 
■phincter  (th«  aligbt  irregolaritiea  are  dne  to  pnlM-vavei)  i  b,  fall  in  pmMQTc, 
dae  to  the  movement  of  the  initrument  b;  the  coogb  j  e,  initial  contraction  i 
d,  relaxation  of  inhibited  sphincter ;  •,  t,  *,  rlivtbniiutl  variationa  in  aabaequent 
tit.     (From  the  '  Proc,  Koyal  Societj,'  1877.) 

The  action  of  the  bladder  mechanism  can  be  best  understood  by 
assuming  that  tbe  motor  centre  really  consists  of  two  parts,  one  (hs, 
Fig.  84)  maintaining  tbe  contraction  of  the  sphincter,  the  other  (md) 
exciting  the  contraction  of  the  detrusor  fibres,  and  that  these  two 
parta  are  autaguaistic ;  when  one  acts  the  other  is  inhibited.     Thus, 


f                         206                                               SPINAL   COED, 

^^M 

nerve-cella.     Tbe  influence  is  eiertedtlii 

^nfte  ietrnsor  at  r«st 

ijideud  consists  in  the  normal  integrity  of 

=»ftBlkbI«dder&nds 

The  nutrition  of  the  bonet  and  joinU  is  r 

eord,  and  probably  is  eierted  through  tic 

^i^fniiai  is  impaired, 

the  growth  of  the  bones  is  hindered  w» 

vbanfficient,  and  then 

diseased,  but  no  atropliic  change  seems 

^K  ^rtre  may  yield  too 

Btruclure,  and  the  influence  of  the  puralt 

.-  rfs  Bwntinence. 

trophic  change,  and  an  alteration  in  fh*  i 

■tmdk  under  voluntarv 

ataxy,  in  which  the  disease  is  of  the  .-- 

a.  winal  cord,  by  mean's 

The  nutrition  of  the  skin  seems  n ' 

■(ween  the  s.vmpa- 

their  course  in  the  posterior  roots. 

f  nerve-roots-    Con- 

of  the  nerre-atructures  has  far  mof 

•  common  in  disease 

It  is  when  the  cord  or  nerve- roi  it-  . 

■■ad  is  often  greater 

mation  that  the  most  acute  trojih:, 

-'i  for  by  the  mere 

ration  of  these  nerves  induces  sloiv.-r 

-    al"!oininal  muscles. 

VlBCBBAL  CONTKOL.— Although  the 

-  r*;K  that  is  io  common 

control  of  the  sympathetic  system  of  wa 

J  -.^  Momacb  has  been  re. 

in  the  spinal  cord,  and  it  is  from  thw 

^^dceted  pain,  due  to  this 

influence  is   really  derived,  probably  > 

the  anterior  roots.     The  relation  is  tn 

iKtiona  are  probably  in- 

so   far  as   concerns  the  diseases  of  H.* 

.  Li*  tori,  m  greater  degree 

the  orgauB  over  which  the  will  haa  A.. 

■:  wy  Other  organs  under 

bladder.     The  centres  for  these  ar«  in  ' 

(  the  lympatbetic.     The 

do  not  know  their  exact  position.     Tt. . 

_  n»lro*tion  goes  on  inde- 

centres.     We  can  best  understand  tht, 

n.Td  disease,  and  may  be 

voluntary  influence  is  lost. 

.-h  there  is  absolute  aJresl 

The  centre  for  the  sphincter  ani  U  ' 

:i>io.  sensory  and   motor. 

of  action  of  each  is  probably  similar,    j 

_ ;  kbour  may  proceed  in 

ninsculur  fibres  to  eipel  tbe  conteii' 

,  in  spite  of  such  disease 

arrangemeut  to  prevent  continuous  < 

a  causes  oomplete   motor 

rectum,  and  urine  in  tbe  bladder, 

and  cause  two  effects— contraction  ii 

1  -t«w». — The   activity    of 

sphincter.     This  process  cau  be  com 

.in»  depends   on    the    in- 

able  extent,  although  we  ar«  slill  igi.- 

-  reSez  loop  to  and  frvm 

the  voluntary  influence  is  exerted.               ,. 

i^Lre,  alio  situated   in   the 

cord  is  interrupted  above  the  lumb-          J  r 

.-ement,  but  the  due  action 

control  the  reflex  processes  ;  as  soon           -J 

re    depends     on    cerebral 

are  expelled  by  the  reflex  mechanimi,        ...  u 

well  as  on  reflex  influences. 

of  urine  accumulates  in  the  bladder,  ..    .    ;  tb 

centre,  or  of  the  nerves 

and  relaxation  of  the  sphincter  cauxu     ,  -  •.•r 

from  it,  abolishea  aexual 

voluntary  path  for  the  sphinf-t^r  is          T-- 

tiual    reflex  is,  however, 

forthelegs.     If  the  dam:it"' '■'  "■■ 

■s  the  condition  of  these 

the  patient  is  uucouscious  ...i 

the  sensory  tract  is  unaflt-ii. 

r.m  is  impaired  by  inter* 

cannot  control  it     It  is  (jfi- 

:iigl;or  up,  the  connection 

of  the  sphincters,  but  this  i    ■ 

:iu-  si-iu&l  act  cannot  \m 

inactive  or  destroyed.     In   i     ^ 

.  ontrolling  centre  (p.  20) 

SYMPTOMS.  215 

(he  muscular  action  is  more  or  less  paroxysmal  and  yarjing,  and  the 
muscles  are  at  times  extended  bj  their  opponents.  Thus  in  paroz- 
fsmal  extensor  spasm  in  the  legs,  no  shortening  occurs  in  the  muscles 
moving  the  knee,  because  thej  are  equalij  balanced,  but  the  calf 
muscles,  being  stronger  than  the  flexors  of  the  ankle,  contract  the 
more,  and  extend  this  joint,  whenever  a  paroxjsm  of  spasm  comes  on, 
and,  after  a  time,  may  undergo  slight  structural  shortening,  so  that 
the  foot  cannot  be  flexed  on  the  leg  beyond  a  right  angle. 

It  is  of  great  importance  to  distinguish  the  shortening  of  muscles 
due  to  tissue  changes  in  them,  from  tihe  active  contracture  that  may 
doselj  simulate  it.  In  the  latter,  gentle  extension,  kept  up  for  a  few 
minutes,  restores  the  muscle  to  its  normal  length.  The  importance 
of  the  distinction  is  due  to  the  fact  that  the  structural  shortening  can 
be  removed  by  tenotomy  or  forced  extension,  while  these  measures  are 
useless  in  the  case  of  active  contracture,  which  would  subsequently 
reassert  itself. 

It^eo-ordination  of  movement^  although  motor,  depends  usually  on 
disease  of  afferent  fibres.  Its  characters  have  been  already  described 
in  outline  (p.  7). 

It  occurs  in  three  forms,  of  which  the  third  differs  entirely  from 
the  others  in  aspect  and  nature,  and  alone  is  a  true  motor  symptom. 
The  two  chief  forms  are  the  following : — (1)  Simple  disorder  of  volun- 
tary muscular  contractions,  which,  when  considerable,  amounts  to  a 
wild  irregularity  of  movement,  and  when  slight  is  only  manifested  by 
slight  irregularity  when  the  guidance  of  vision  is  withdrawn — as  in 
the  inaidlity  to  maintain  the  muscular  contractions  in  the  perfect 
muformity  needed  for  equilibrium  when  the  base  of  support  is  ren- 
dered small  by  the  juxtaposition  of  the  feet.  The  delicacy  of  the 
test  is  increased  by  the  removal  of  the  firm  base  afforded  by  the  boot, 
and  by  closure  of  the  eyes.  The  increase  in  unsteadiness  when  the 
eyes  are  closed  is  sometimes  termed  '*  Romberg's  symptom."  This 
condition  results  from  interruption  of  the  afferent  path  from  the 
muscles  to  the  spinal  cord,  including  the  fibres  that  ascend  the  cord 
and  those  that  subserye  the  muscle- reflex  process  at  the  level  of 
entrance.  The  effect  of  the  loss  of  the  latter  is  a  cessation  of  the  chief 
part  of  spinal  co-ordination,  which,  as  we  have  seen,  depends  on  those 
pro(*esses.  co-operatmg  with  the  voluntary  impulse.  Hence  it  is  asso- 
ciated with  loss  of  the  knee-jerk.  The  loss  of  other  forms  of  reflex 
action  does  not  seem  capable  of  causing  inco-ordination.  In  complete 
int'erruption  of  the  root-fibres  from  the  muscles  the  mechanism  of  the 
next  form  is  necessarily  conjoined.  (2)  Inco-ordination  resembling 
the  slighter  degrees  of  that  just  described,  and  consisting  especially 
in  such  a  defect  of  equilibrium  as  results  from  disease  of  the  middle 
lobe  of  the  cerebellum,  is  produced  by  disease  of  the  posterior  median 
eolumns  above  the  lumbir  enlargement,  or,  if  it  extends  into  the 
latter,  leaving  the  root-zones  free  so  as  not  to  impair  muscle-reflex 
action.     This  is  apparently  produced  by  interruption  of  the  path  by 
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whicb  impressions  from  the  muscles  are  conTejed  to  the  posterior  ducU 
of  the  medulla  and  probably  thence  to  the  cerebellum  (p.  205).  The 
effect  is  to  deprive  the  motor  cortex  of  the  guidance  afforded  bj  tbeie 
impulses.  The  difference  between  this  form  and  the  slighter  degreei 
of  the  first  is  that  the  muscle-reflex  action  is  not  lost,  the  knee-jerk 
being  preserved.  (8)  Irregular  compression  of  the  motor  fibres  in  the 
cord  apparently  causes  the  peculiar  jerky  iuco-ordination  seen  in  dii. 
seniinated  sclerosis,  which  is  supposed  to  de[>end  on  unequal  and 
irregular  conduction  along  the  fibres,  due  to  their  compression.  Thig 
form,  however,  needs  further  study. 

Sbnsobt  Symptoms.— Loss  of  sensation  is  a  very  common  effect  of 
disease  of  the  spinal  cord.     It  may  be  total,  and  involve  all  forms  of 
sensibility,  or  partial,  and  affect  only  some  forms.     The  statements 
made  on  pp.  8 — 10  regarding  impairment  of  sensation  generally,  and 
the  method  of  ascertaining  it,  apply  to  that  which  results  from  cord 
disease,  and  need  not  be  here  repeated.     It  has  been  also  pointed  out 
(p.  60)  that  loss  of  sensation  occurs  less  readily  than  loss  of  motor 
power.    In  cord  disease  it  is  common  for  muscular  paralysis  to  exist 
with  intact  sensibility.     This  may  partly  depend  on  the  fact,  ascer- 
tained by  experiments  on  the  effect  of  local  anaemia  of  the  cord,  that 
the  sensory  fibres,  of  tbe  nerve-roots  at  least,  seem  to  have  more 
resisting  power  than  the  motor  fibres.     Sensation  may  be  impaired  by 
disease  of  any  part  of  the  sensory  path, — posterior  roots,  probably 
also  the  posterior  cornua  and  commissure,  or  the  conducting  tracts  up 
the  cord.     A  division  of  the  sensory  path  into  upper  and  lower  seg- 
ments is  conceivable,  analogous  to  that  of  the  motor  path,  although 
we  have  not  the  same  clear  ground  for  the  distinction  into  simple 
segments  of  similar  composition. 

Disease  of  the  posterior  nerye-roots  causes  loss  of  reflex  action  as 
well  as  impairnjent  of  sensation,  just  as  disease  of  the  anterior  roots 
interferes  with  reflex  action  as  well  as  with  motor  power.  Interrup- 
tion of  the  sensory  conducting  tracts  higher  up  leaves  reflex  action 
unaffected.  But  a  focal  lesion,  such  as  transverse  myelitis,  may 
damage  both  the  conducting  tracts  and  the  nerye-root^  at  the  level  of 
the  lesion,  or  may  affect  only  one  of  these.  Disease  outside  the  cord, 
compressing  it,  may  have  the  same  double  effect.  Hence  it  is  impor- 
tant to  test  sensation  at  the  level  of  the  lesion,  as  well  as  in  the  parts 
below,  and  to  remember  that  the  "  level  of  the  lesion  "  may  involve 
the  limbs  or  the  trunk.  Areas  of  ansesthesia  may  thus  be  found  on 
the  trunk  when  there  is  none  on  the  legs,  and  may  be  of  considerable = 
diagnostic  importance,  e,  g.  in  spinal  caries. 

Random  disease  of  the  nerve-roots  outside  the  cord  usually  impairs 
all  forms  of  sensibility,  although  slight  damage  may  arrest  the 
conduction  of  tactile  impressions,  and  not  those  of  pain,  which  ara 
probably  more  energetic.  Disease  of  the  roots  within  the  cord  oftea 
causes  only  partial  loss,  because  the  fibres  which  conduct  different 
impressions  have  a  differeut  course.    But  loss  of  one  form  of  aeusi- 
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Ulity  from  disease  of  the  root-fibres  or  Derve-fibres  usuallj  depends 
on  the  kind  of  disease,  and  is  especially  due  to  degenerative  changes, 
the  result  of  some  present  or  past  local  influence.  Disease  higher  up 
the  oord  still  more  frequently  causes  partial  loss ;  either  sensibility  to 
pain  or  to  touch  may  be  impaired.  That  to  temperature  is  rarely 
affected  without  that  to  pain.  We  do  not  yet  know  precisely  the 
aignificanoe  of  this  special  form  of  loss,  because,  as  we  have  seen,  we 
are  atill  uncertain  as  to  the  path  for  each  form  of  sensibility.  It  is 
bii^hly  probable,  however,  that  loss  of  sensibility  to  pain  is  produced 
by  disease  of  the  antero-lateral  ascending  tract. 

Disease  of  the  posterior  median  column,  and  possibly  that  of  the 
eerebellar  tract,  oertainlj  impairs  the  conduction  of  impressions  from 
the  muscles.  It  probably  abolishes  the  "  muscular  sense  "  of  posture 
and  movement,  although  this  does  not  entail  a  distinct  sensory  loss. 
Bat  there  may  be  also  a  greater  loss  of  muscular  sensibility,  so  that 
the  normal  sensitiveness  to  pressure  and  passive  extension  (and  even 
sit  last  to  electrical  stimulation)  may  be  impaired  or  lost.  The 
** common  sensibility**  of  muscles  is  probably  lost  only  when  the 
disease  of  the  nerves  is  greater  than  suffices  to  abolish  what  is  termed 
the  "  muscular  sense."  Interference  with  this  path  in  the  nerves  or 
roots  outside  the  cord  abolishes  muscle-reflex  action,  and  also  causes 
more  pronounced  symptoms  (ataxy,  &c.)  than  disease  higher  up  the 
path  within  the  cord. 

Increased  aensitiveneis,  hypersBsthesia  and  hyperalgesia,  are  also 
common  in  disease  of  the  spinal  cord,  and  usually  depend  on  irritation 
of  the  conducting  fibres  in  some  part  of  their  course.  Probably  the 
irritation  produces  the  effect  by  intensifying  the  impulse  as  it  passes, 
since  the  phenomena  of  stimulation  of  nerves  show  that  their  axis- 
cylinders  have  some  power  of  transforming  other  forms  of  energy  into 
nerve-force,  t.  6.  of  evolving  nerve-force,  and  therefore  of  increasing 
the  strength  of  that  which  passes  along  them. 

The  term  **  hypersesthesia "  is  commonly  used  in  the  sense  of 
''hyperalgesia.*'  In  the  strict  sense  of  the  word,  hyperaesthesia  is 
seldom  observed  or  even  searched  for. 

When  the  sensibility  to  touch  is  '*  increased  **  there  is  some 
perversion  of  the  sensation,  not  a  simple  increase.  The  sensation 
may  be  felt  as  "  thrilling  "  or  '*  shock-like  sensations."  When  there 
is  an  extreme  increase,  pain  maj  be  produced  by  a  touch,  but  it  is  more 
probable  that  the  touch  stimulates  the  over-sensitive  nerves  of  common 
sensibility,  than  that  actual  pain  is  produced  through  the  tactile 
nerves.  A  touch  may  cause  pain  when  it  is  not  felt  as  a  touch,  as  in 
the  condition  termed  "  anesthesia  dolorosa."  Other  forms  of  altered 
sensibility  have  been  already  described. 

Pain,  referred  to  the  spine,  occasionally  present  in  organic  disease 
of  the  cord,  is  more  frequent  in  disease  originating  in  the  meninges 
or  bones.  But  the  frequency  with  which  spinal  pain  is  present  in 
abdominal,  especially   gastric,  disease,  and  in  neuralgic  affections. 
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depend  on  damage  to  the  central  structures  in  the  cord  and  nerve-roota, 
which  are  present  only  at  the  level  of  that  damage,  i.  e.  in  the  parts 
functionally  related  to  that  part  of  the  cord.  The  two  sets  of  gjm. 
ptoms  may  be  distinguished  as  "conducting"  and  "central;"  but  in 
many  diseases  those  at  the  level  of  the  lesion  are  chiefly  due  to  the 
irritation  of  the  nerve-roots,  and  those  are  most  usefully  designated 
"  root  symptoms." 

Disease  of  the  cord  does   not  always  cause  bilateral  symptomg. 
A  little  consideration  will  show  that  this  must  be  so.     A  random 
process,  of  small  extent,  may  damage  one  side  only.     It  may  affect 
one  or  several  structures  on  one  side  or  all  of  them.     Neverthelesi  it 
is  very  rare  for  such  a  process  to  spare  the  other  side  altogether,  and 
practically  no  lesion  affects  all  parts  of  one  side  without  damaging,  in 
some  degree,  the  other  side,  at  any  rate  for  a  time.     In  very  rare  forms 
of  traumatic  lesion,  however,  the  damage  to  the  other  side  is  almost 
imperceptible.     Again,  **  system  diseases,"  in  quite  exceptional  cases 
and  for  unknown  reasons,  are  limited  to  one  side ;  much  more  fre- 
quently they  may  affect  one  side  earlier  and  more  than  the  other. 
Such  unilateral    symptoms    have    been  awkwardly   termed  "hemi- 
paraplegia." 

MoToB  Symptoms. — Loss  of  motor  power  results  from  interference 
with  the  motor  path  in  any  part  of  its  intia-spinal  course, — pyramidal 
tracts,  anterior  grey  matter,  anterior  nerve-roots.  We  have  seen  that 
the  path  may  be  divided  into  two  segments,  upper  and  lower  (see 
p.  l^C).  The  spinal  cord  contains  a  considerable  portion  of  the  nerve- 
fibres  of  the  upper  segment,  and  their  lower  termination  in  the  grey 
matter,  but  only  the  commencement  of  the  lower  segment,  the  motor 
ganglion-cells,  and  root-fibres  proceeding  from  them.  The  chief  part  of 
the  lower  segment  is  outside  the  spine,  in  the  nerve-trunks.  So  far  as 
the  loss  of  power  is  concerned  the  effect  is  the  same,  in  whatever  part 
of  the  motor  path  the  interruption  is  situated  ;  but  the  other  symptoms 
that  accompany  the  loss  of  power  differ  very  much  according  as  the 
interruption  is  in  the  upper  or  lower  segment.  The  lower  segment 
influences  muscular  nutrition,  and  forms  part  of  the  path  of  reflex 
action.  Hence,  as  we  shall  presently  see,  the  muscles  waste,  and 
reflex  action  is  lost,  when  this  is  diseased;  but  when  the  upper 
segment  is  damaged  there  is  no  muscular  wasting,  and  reflex  action, 
instead  of  being  lost,  is  commonly  increased.  The  symptom*  produced 
by  disease  of  either  segment  are  essentially  the  same,  whatever  part  oj 
the  segment  is  diseased,  whether  the  cell  at  the  upper  extremity,  the 
fibre,  or  the  ramification  at  the  lower  extremity  of  the  fibre.  If,  for 
instance,  the  intra-muscular  nerve-endings  are  paralysed  by  curara  the 
symptoms  produced  are  the  same  as  if  the  fibres  in  the  nerve-trunks 
are  divided  or  these  cells  in  the  cord  are  destroyed.  Disease  of  the 
termination  of  the  upper  segment  in  the  grey  matter  of  the  cord 
must,  of  necessity,  produce  the  same  effect  as  disease  of  the  pyramidal 
fibre  itself,  or  the  cell  in  the  cerebral  cortex  from  which  the  fibre  springi. 
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We  shall  afterwards  see  that  this  coDsideration  has  very  important 
applications. 

If  a  fibre  of  either  segment  is  seriously  damaged,  it  degenerates 
below  the  divisioii,  evince  its  nutrition  depends  on  the  influence  of  the 
cell  from  which  it  has  sprung.  If  damaged  only  by  pressure,  how- 
erer  complete  may  be  the  evidence  of  degeneration,  regeneration  is 
possible,  even  after  one  or  two  years.  It  is  possible  that  such  regene- 
ration also  occurs  when  the  damage  is  by  inflammation.  The  nutri- 
tional stability  of  the  fibre,  or  rather  of  its  essential  element,  the 
axis-cylinder,  becomes  less,  and  more  easily  deranged,  the  greater 
the  distance  from  the  parent  cell,  and  it  is  least  in  the  terminal 
ramification  of  each  segment.  This  is  probably  the  reason  why 
cnrara  acts  chiefly  on  the  intra- muscular  nerves,  and  it  explains  the 
iufloenoe  of  many  poisons  on  the  peripheral  nerve-endings,  and  the 
facts  of  nerve-degeneration  in  tabes  and  "multiple  neuritis,"  <&c. 
The  law  is  probably  also  true  of  the  upper  segment ;  and  if  so,  many 
facts  of  pathology  become  clearer  to  us,  as  will  be  seen  in  the  chapter 
on  **  spastic  paraplegia."  It  may  thus  be  taken  as  a  general  law  of 
the  utmost  importance  that  the  vitalUy  of  a  nerve-fibre  and  its  power 
of  resiMting  morbid  influences  are  less  the  greater  the  distance  from  the 
cell  from  fohich  it  springs  and  of  which  it  is  really  part. 

A  lesion  of  the  pyramidal  tract  causes  loss  of  power  in  all  parts 
below  the  level  of  the  disease — that  is  to  say,  of  all  parts  the  fibres 
for  which  are  interrupted.  A  lesion  of  the  grey  matter,  or  of  the 
anterior  roots,  causes  paralysis  only  of  those  parts  which  are  func- 
tionally on  the  level  of  the  lesion.  The  two  mechanisms  often  coin- 
cide. A  transverse  lesion  in  the  cervical  enlargement,  for  instance, 
may  cause  paralysis  of  the  arms  from  the  damage  to  the  grey  matter 
and  nerve-roots,  and  paralysis  of  the  legs  from  damage  to  the  pyramidal 
fibres.  The  disease  involves,  primarily  in  the  former  case,  the  com- 
mencement of  the  second  segment  of  the  motor  path  for  the  arms ;  in 
the  latter,  the  middle  of  the  upper  segment.  The  associations  of  the 
paralysis  differ  accordingly.  The  parts  affected  by  a  lesion  at  any 
level  will  be  readily  ascertained  by  an  examination  of  the  table  of 
functions  on  p.  210. 

It  is  important  to  note  that  the  affection  of  motor  power  is  often 
incomplete.  It  may  then  involve  one  set  of  muscles  more  than 
another.  The  flexors  or  the  extensors  may  be  chiefly  paralysed.  In 
disease  of  the  dorsal  cord,  it  is  very  common  for  the  flexor  muscles 
of  the  hip  and  knee  to  suffer  more  than  the  extensors.  Why  this 
should  be  we  do  not  know,  but  the  fact  is  important,  because  consider- 
able weakness  of  the  flexors  of  the  knee  is  readily  overlooked.  In  exa- 
mining motor  power,  each  set  of  muscles  should  be  separately  testt^d. 

Motor  over-a^ion  ;  Spa^m  is  frequent  in  disease  of  the  spinal  cord 
and  its  membranes.  It  may  present  the  form  of  tonic  spasm,  which 
when  persistent  is  termed  rigidity,  or  of  clonic  spasm,  which  is  usually 
transient  and  paroxysmal.      Tonic  spasm,  persistent,  and  involving 
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onlj  a  certain  group  of  muscles,  causes  distortion  of  tbe  parti  to 
which   thej   are  attached,  aud  is  often  termed  cantraeiure.    Tonie 
spasm,  paroxysmal  or  persistent,  is  far  more  frequent  than  cloni: 
spasm,  which  occurs  chiefly  in  association  with  tonic  spasm  as  the 
muscular  clonus  described  at  p.  222,  or  as  a  consequence  of  certain 
functional  derangements.     Tonic  spasm  may  be  the  result  of  direct 
irritation  of  the  motor  structures,  or  maj  depend  on  over-actioxi  of 
the  reflex  centres,  due,  not  to  irritation,  but  to  deficient  control. 
Either  form  may  be  acute  or  chronic.     The  acute  irritation  which 
causes  spasm  is  generally  inflammation  of  the  membranes,  rarely  an 
acute  lesion  of  the  substance  of  the  cord.     The  chronic  irritation  is 
chiefly  due  to  compression  of  the  motor  fibres — either  of  the  pyramidal 
tracts,  when  there  may  be  persistent  unvarying  spasm  in  the  parti 
below  the  disease,  related  to  the  fibres  irritated, — or  of  the  nerre- 
roots,  when  similar  spasm  is  produced  in  the  parts  at  the  level  of  the 
lesion.     The  spasm  that  depends  on  reflex  action  is  seen  chiefly  in  the 
legs  and  trunk,  but  especially  in  the  former.     It  may  preponderate 
in  either  the  flexors  or  extensors,  so  that  the  legs,  when  rigid,  may  be 
drawn  up  or  straight  out.     The  flexor  spasm  seems  to  be  due  to  an 
over-action  of  the  centres  for  cutaneous  reflex  action,  the  extensor 
spasm  chiefly  to  that  of  the  centres  for  muscle-reflex  action,  although 
it  may  also  be  excited  indirectly  by  a  cq  tan  ecus  impression.    This  form 
will  be  considered  in  connection  with  the  reflex  over-action. 

Muscular  Contraction, — The  actual  shortening  of  muscles,  by  which 
they  cannot  be  passively  extended  to  their  normal  length,  is  due  to 
tissue  changes  fixing  the  active  persistent  tonic  spasm  or  contracture 
just  mentioned.  The  rapidity  with  which  it  occurs  depends  on  the 
uniformity  of  the  spasm,  and  we  may  distinguisl\  three  modes  in  which 
it  arises,  which  differ  in  tbe  time  required  and  degree  attained.  (1) 
When  one  set  of  muscles  is  paralysed,  their  opponents,  never  being 
extended,  quickly  become  fixed  in  the  contracted  condition  which  they 
assume  in  virtue  of  their  power  of  adaptation  to  posture.  Thus  in 
palsy  of  the  flexors  of  the  ankle,  the  calf  muscles  quickly  become 
contracted,  so  that  the  foot  cannot  be  flexed  on  the  leg  even  up  to  a 
right  angle.  The  same  thing  happens  by  a  similar  mechanism,  when 
one  posture  is  unceasingly  maintained  and  one  set  of  muscles  are 
never  extended,  e.  g.  persistent  flexion  of  the  knee  leads  quickly  to 
structural  shortening  of  the  hamstring  muscles.  (2)  Where  there  is 
unchanging  active  contracture  from  chronic  irritation  of  the  motor 
fibres  by  a  growth,  or  permanent  reflex  contracture,  as  when  reflex 
flexor  spasm  keeps  the  hip  and  knee  permanently  flexed,  similai 
structural  changes  occur,  so  that  passive  elongation  soon  becomes 
impossible.  (3)  In  paroxysmal  tonic  spasm  of  intense  degree,  if 
one  set  of  muscles  is  stronger  than  their  opponents,  their  action  may 
so  preponderate  as  to  lead  to  a  greater  active  contracture, than  their 
opponents  present,  and  permanent  shortening  may  occur ;  although  it 
does  so  slowly  and  to  a  slighter  degreo  than  in  the  other  formi,  because 
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die  muscular  action  is  more  or  less  paroxysmal  and  varjiDg,  and  the 
moscles  are  at  times  extended  by  their  opponents.  Thus  iu  parox- 
ysmal extensor  spasm  in  the  legs,  no  shortening  occurs  in  the  muscles 
moTing  the  knee,  because  they  are  equally  balanced,  but  the  calf 
muscles,  being  stronger  than  the  flexors  of  the  ankle,  contract  the 
more,  and  extend  this  joint,  whenever  a  paroxysm  of  spasm  comes  on, 
and,  after  a  time,  may  undergo  slight  structural  shortening,  so  that 
the  foot  cannot  be  flexed  on  the  leg  beyond  a  right  angle. 

It  is  of  great  importance  to  distinguish  the  shortening  of  muscles 
dne  to  tissue  changes  in  them,  from  the  active  contracture  that  may 
closely  simulate  it.  In  the  latter,  gentle  extension,  kept  up  for  a  few 
minutes,  restores  the  muscle  to  its  normal  length.  The  importance 
of  the  distinction  is  due  to  the  fact  that  the  structural  shortening  can 
be  removed  by  tenotomy  or  forced  extension,  while  these  measures  are 
useless  in  the  case  of  active  contracture,  which  would  subsequently 
reassert  itself. 

Ineo-ordination  of  movement,  altbou£:h  motor,  depends  usually  on 
disease  of  afferent  fibres.  Its  characters  have  been  already  described 
in  outline  (p.  7). 

It  occurs  in  three  forms,  of  which  the  third  differs  entirely  from 
the  others  in  aspect  and  nature,  and  alone  is  a  true  motor  symptom. 
The  two  chief  forms  are  the  following : — (1)  Simple  disorder  of  volun- 
tary muscular  contractions,  which,  when  considerable,  amounts  to  a 
wild  irregularity  of  movement,  and  when  slight  is  only  manifested  by 
slight  irregularity  when  the  guidance  of  vision  is  withdrawn — as  iu 
the  inaidlity  to  maintain  the  muscular  contractions  in  the  perfect 
uniformity  needed  for  eqtiilibrium  when  the  base  of  support  is  ren- 
dered small  by  the  juxtaposition  of  the  feet.  The  delicacy  of  the 
test  is  increased  by  the  removal  of  the  firm  base  afforded  by  the  boot, 
and  by  closure  of  the  eyes.  The  increase  in  unsteadiness  when  the 
eyes  are  closed  is  sometimes  termed  '*  Eomberg*s  symptom."  This 
condition  results  from  interruption  of  the  afferent  path  from  the 
muscles  to  the  spinal  cord,  including  the  fibres  that  ascend  the  cord 
and  those  that  subserve  the  muscle- reflex  process  at  the  level  of 
entrance.  The  effect  of  the  loss  of  the  latter  is  a  cessation  of  the  chief 
part  of  spinal  co-ordination,  which,  as  we  have  seen,  depends  on  those 
processes,  co-operating  with  the  voluntary  impulse.  Hence  it  is  asso- 
ciated with  loss  of  the  knee-jerk.  The  loss  of  other  forms  of  reflex 
action  does  not  seem  capable  of  causing  inco-ordination.  In  complete 
interruption  of  the  root-fibres  from  the  muscles  the  mechanism  of  the 
next  form  is  necessarily  conjoined.  (2)  Inco-ordination  resembling 
the  slighter  degrees  of  that  just  described,  and  consisting  especially 
in  such  a  defect  of  equilibrium  as  results  from  disease  of  the  middle 
lol:>e  of  the  cerebellum,  is  produced  by  disease  of  the  posterior  median 
columns  above  the  lumbar  enlargement,  or,  if  it  extends  into  the 
latter,  leaving  the  root-zones  free  so  as  not  to  impair  muscle-reflex 
action.     This  is  apparently  produced  by  interruption  of  the  path  by 
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which  impressions  from  the  muscles  are  conveyed  to  the  posterior  duc 
of  the  medulla  and  probably  thence  to  the  cerebellum  (p.  205).     Th 
effect  is  to  deprive  the  motor  cortex  of  the  guidance  afforded  by  th 
impulses.     The  difference  between  this  form  and  the  slighter  degree**^ 
of  the  first  is  that  the  muscle-reflex  action  is  not  lost,  the  knee-jerl 
being  preserved.     (3)  Irregular  compression  of  the  motor  fibres  in 
cord  apparently  causes  the  peculiar  jerky  inco-ordi nation  seen  in  di 
seminated   sclerosis,  which  is  supposed  to  depend  on  unequal  ai:;^  j 
irregular  conduction  along  the  fibres,  due  to  their  compression.     Th^^ 
form,  however,  needs  further  study. 

Senbobt  Symptoms.  —  Loss  of  sensation  is  a  very  common  effect  of 
disease  of  the  spinal  cord.     It  may  be  total,  and  involve  all  forms  of 
sensibility,  or  partial,  and  affect  only  some  forms.     The  statements 
made  on  pp.  8 — 10  regarding  impairment  of  sensation  generally,  and 
the  method  of  ascertaining  it,  apply  to  that  which  results  from  cord 
disease,  and  need  not  be  here  repeated.     It  has  been  also  pointed  out 
(p.  60)  that  loss  of  sensation  occurs  less  readily  than  loss  of  motor 
power.     In  cord  disease  it  is  common  for  muscular  paralysis  to  exist 
with  intact  sensibility.     This  may  partly  depend  on  the  fact,  ascer- 
tained by  experiments  on  the  effect  of  local  anaemia  of  the  cord,  that 
the  sensory  fibres,  of  the  nerve-roots  at  least,  seem  to  have  more 
resisting  power  than  the  motor  fibres.     Sensation  may  be  impaired  by 
disease  of  any  part  of  the  sensory  path, — posterior  roots,  probably 
also  the  posterior  cornua  and  commissure,  or  the  conducting  tracts  up 
the  cord.     A  division  of  the  sensory  path  into  upper  and  lower  seg- 
ments is  conceivable,  analogous  to  that  of  the  motor  path,  although 
v/e  have  not  the  same  clear  ground  for  the  distinction  into  simple 
segments  of  similar  composition. 

Disease  of  the  posterior  nerve-roots  causes  loss  of  reflex  action  as 
well  as  impairment  of  sensation,  just  as  disease  of  the  anterior  roots 
interferes  with  reflex  action  as  well  as  with  motor  power.  Interrup- 
tion of  the  sensory  conducting  tracts  higher  up  leaves  reflex  action 
unaffected.  But  a  focal  lesion,  such  as  transverse  myelitis,  may 
damage  both  the  conducting  tracts  and  the  nerve-rootB  at  the  level  of 
the  lesion,  or  may  affect  only  one  of  these.  Disease  outside  the  cord, 
compressing  it,  may  have  the  same  double  effect.  Hence  it  is  impor- 
tant to  test  sensation  at  the  level  of  the  lesion,  as  well  as  in  the  parts 
below,  and  to  remember  that  the  "  level  of  the  lesion  "  may  involvo 
the  limbs  or  the  trunk.  Areas  of  anaesthesia  may  thus  be  found  on 
the  trunk  when  there  is  none  on  the  legs,  and  may  be  of  considerable 
diagnostic  importance,  e,  g.  in  spinal  caries. 

Random  disease  of  the  nerve-roots  outside  the  cord  usually  impairs 
all  forms  of  sensibility,  although  slight  damage  may  arrest  the 
conduction  of  tactile  impressions,  and  not  those  of  pain,  which  are 
probably  more  energetic.  Disease  of  the  roots  within  the  cord  often 
causes  only  partial  loss,  because  the  flbres  which  conduct  different 
impressions  have  a  different  course.     But  loss  of  one  form  of  seusi- 
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Ulity  from  disease  of  the  root-fibres  or  oerve-fibres  usually  depends 
on  the  kind  of  disease,  and  is  especiallj  dne  to  degenerati?e  changes, 
tbe  result  of  some  present  or  past  local  influence.  Disease  higher  up 
the  oord  still  more  frequently  causes  partial  loss ;  either  sensibility  to 
paio  or  to  touch  may  be  impaired.  That  to  temperature  is  rarely 
ailected  without  that  to  pain.  We  do  not  yet  know  precisely  tbe 
■ignificanoe  of  this  special  form  of  loss,  because,  as  we  have  seen,  we 
are  still  uncertain  as  to  the  path  for  each  form  of  sensibility.  It  is 
highly  probable,  however,  that  loss  of  sensibility  to  pain  is  produced 
by  disease  of  the  aotero-lateral  ascending  tract. 

Disease  of  the  posterior  median  column,  and  possibly  that  of  the 
cerebellar  tract,  certainly  impairs  the  conduction  of  impressions  from 
the  muscles.  It  probably  abolishes  the  "  muscular  sense"  of  posture 
and  movement,  although  this  does  not  entail  a  distinct  sensory  loss. 
But  there  may  be  also  a  greater  loss  of  muscular  sensibility,  so  that 
the  normal  sensitiveness  to  pressure  and  passive  extension  (and  even 
at  last  to  electrical  stimulation)  may  be  impaired  or  lost.  The 
**eommon  sensibility"  of  muscles  is  probably  lost  only  when  the 
disease  of  the  nerves  is  greater  than  suffices  to  abolish  what  is  termed 
tbe  *'  muscular  sense."  Interference  with  this  path  in  the  nerves  or 
roots  outside  the  cord  abolishes  muscle-reflex  action,  and  also  causes 
more  pronounced  symptoms  (ataxy,  &c.)  than  disease  higher  up  the 
path  within  the  cord. 

Increased  sensitivenett,  hypersesthesia  and  hyperalgesia,  are  also 
GOiiimon  in  disease  of  tbe  spinal  cord,  and  usually  depend  on  irritation 
of  the  conducting  fibres  in  some  part  of  their  course.  Probably  the 
irritation  produces  the  effect  by  intensifying  tbe  impulse  as  it  passes, 
since  the  phenomena  of  stimulation  of  nerves  show  that  their  axis- 
cylinders  have  some  power  of  transforming  other  forms  of  energy  into 
nerve-force,  t.  e.  of  evolving  nerve-force,  and  therefore  of  increasing 
the  strength  of  that  which  passes  along  them. 

The  term  "  by persBsthesia "  is  commonly  used  in  the  sense  of 
"hyperalgesia.*'  In  the  strict  sense  of  the  word,  hyperesthesia  is 
seldom  observed  or  even  searched  for. 

When  the  sensibility  to  touch  is  '*  increased "  there  is  some 
perversion  of  the  sensation,  not  a  simple  increase.  Tbe  sensation 
may  be  felt  as  "  thrilling  "  or  '*  shock-like  sensations."  When  there 
is  an  extreme  increase,  pain  may  be  produced  by  a  touch,  but  it  is  more 
probable  that  the  touch  stimulates  tbe  over-sensitive  nerves  of  common 
sensibility,  than  that  actual  pain  is  produced  through  the  tactile 
nerves.  A  touch  may  cause  pain  when  it  is  not  felt  as  a  touch,  as  in 
the  condition  termed  "  anaesthesia  dolorosa."  Other  forms  of  altered 
sensibility  have  been  already  described. 

Pain^  referred  to  tbe  spine,  occasionally  present  in  organic  disease 
of  the  cord,  is  more  frequent  in  disease  originating  in  the  meninges 
or  bones.  But  the  frequency  with  which  spinal  pain  is  present  in 
abdominal,  especially   gastric,  disease,  and  in  neuralgic  affections. 
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lesBena  its  sigDificanoe  when  it  exists  alone.    In  meningitis,  acuta 
or  chronic,  and  in  meningeal  growths,  spinal  pain  is  frequent,  aDcL 
in  organic  disease  of  the  bones  of  the  Tertebral  column  it  is  ai%^ 
almost  constant  symptom,  and  is  combined  with  local  tenderness^ 
The  same  combination  of  local  pain  and  tenderness  frequently  occurs 
in  cases  of  neuralgic  pain,  '*  rachialgia," — a  condition  that  is  ofteti 
loosely  termed  "  spinal  irritation,"  especially  when  it  succeeds,  tL% 
it  often  does,  concussion  of  the  spine.   Such  pain  is  usually  felt  through 
a  considerable  extent  of  the  vertebral  column,  or  has  more  than  one 
place  of  chief  intensity  and  tenJemess.     That  which  is  due  to  organic 
disease  is  usually  fixed  and  unchanging.     In  organic  disease  of  the  cord 
itself,  pain  is  more  often  referred  to  the  neighbourhood  of  the  spine, 
to  the  loins  or  the  sacrum,  than  to  the  spinal  column  itself. 

Still  more  important  are  the  pains  that  are  referred  to  the  parts 
to  which  the  sensory  nerves  are  distributed,  and  have  hence  been 
termed  *'  excentric  "  or  "  radiating*'  pains.     They  are  of  two  kinds: 
(1)  those  due  to  the  irritation  of  the  posterior  nerve-roots  in  their 
passage    through  the   intervertebral   foramina,   through  the  mem- 
branes, or  through  the  posterior  columns  of  the  cord ;  (2)  those  pro- 
duced by  irritation  of  the  sensory  conducting  tracts.    The  pains  of  the 
first  class  are  called  "  root-pains/'  and  are  often  intense.     They  corre- 
spond in  level  to  the  disease.    Those  of  the  second  class  are  sometimes 
acute,  especially  in  lesions  that  irritate  the  conducting  tracts  by  pres- 
sure, e.  g.  growths.    More  often  they  are  dull  pains,  closely  resembling 
rheumatism,  and  frequently  mistaken  for  rheumatism  by  the  patients 
themselves  and  their  medical  attendants.     The  mistake  is  the  more 
easily  made,  because  other  symptoms  suggestive  of  spinal  disease 
may  be  inconspicuous,  and  the  rheumatoid  pains  in  chronic  cases  may 
be  influenced  by  weather,  being  much  more  troublesome  in  damp  and 
cold  than  in  fine  and  dry  weather.     In  all  cases,  persistent  rheumatic 
pains  in  the  limbs  should  suggest  the  possibility  of  spinal  disease,  and 
watch  should  be  kept  for  such  symptoms  as  local  loss  of  power,  or 
alterations  in  reflex  action.     There  is  a  third  class  of  pains — ^resem- 
bling  root-pains,  which  depend  on  degenerative  changes  in  the  nerve- 
fibres  ;    the   molecular  alterations  that  result  give  rise  to   upward 
impulses  of  considerable  intensity.     They  are  met  with  in  locomotor 
ataxy  and  in  multiple  neuritis,  and  may  be  dull  as  well  as  acute.     The 
position  iu  which  these  various  radiating  pains  are  felt — legs,  trunk, 
or  arms— depends  upon  the  seat  of  the  disease.    Although  often 
produced  in  the  root-fibres,  these  pains  may  also  be  due  to  the  peri- 
pheral nei*ves. 

It  is  especially  important  to  note  that  the  root-pains  are  frequently 
felt  as  a  sense  of  constriction,  a  painful  sense  of  tightness,  as  if  a  band 
were  tied  tightly  around  the  part — the  "  girdle-pam,"  as  it  is  called. 
When  there  is  transverse  damage  to  the  cord,  at  the  lowest  part  of 
the  healthy  region  there  is  a  state  of  irritation  of  the  sensory  nerves, 
and  this  irritation  (referred  to  the  nerve-endings)  causes  the  girdle- 
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pain.  It  is  named  from  its  frequency  at  the  level  at  which  a  girdle 
is  worn,  the  middle  of  the  trunk,  which  depends  on  the  dorsal  region 
being  the  most  common  seat  of  disease ;  but  it  may  be  felt  lower  down, 
about  the  groins  or  even  the  legs,  or  higher  up,  in  the  arms.  In  the 
limbs  it  is  a  mere  sense  of  tightness. 

The  gprdle-pain  is  a  symptom  chiefly  of  inflammatory  and  degene- 
rative processes  within  the  cord.  Pressure  on  the  nerve- roots  usually 
causes  acute  pain,  but  the  most  severe  root-pains  are  those  met  with 
in  disease  of  the  bones  of  tbe  spine.  These  have  also,  more  than  any 
other  kind,  the  characteristic  that  they  are  increased  by  movement, 
and  in  growths  commencing  in  the  bones  (which  are  usually  malignant) 
this  feature  is  of  considerable  diagnostic  importance.  Tbe  suffering  in 
such  casos  is  so  great  as  to  have  gained  for  the  resulting  symptoms 
the  ominous  designation  of  paraplegia  dolorosa. 

Spontaneous  tenaations,  other  than  pain,  are  very  common  in  disease 
of  the  spinal  cord,  and  are  often  of  considerable  diajirnostic  importance, 
but  suggestive  rather  of  the  presence  of  a  morbid  state  than  of  its 
nature.  They  may  present  many  varieties  of  character,  but  the 
familiar  sensation  produced  bv  pressure  on  a  nerve-trunk,  when  the 
part  is  said  to  be  "  asleep,*'  or  to  have  "  pins  and  needles,*'  is  tho 
most  common  and  the  most  significant.  It  may  occur  in  func- 
tional disturbance  of  the  cord  as  well  as  in  organic  disease,  and 
also  is  very  common  in  peripheral  neuritis.  It  depends  on  over- 
action  of  the  sensory  structures,  but  it  has  at  present  no  special 
significance  as  to  the  locality  of  disease.  It  may  be  excited  by  contact 
when  it  is  not  spontaneous,  and  probably  represents  the  highest 
degree  of  excess  of  impressions  conveyed  by  the  nerves  of  tactile  sen- 
sibility. The  still  vaguer  feeling  called  *'  numbness  "  is  also  common, 
and  may  occur,  in  slight  degree,  in  diseases  of  which  all  other 
symptoms  are  purely  motor.  But  this  word  is  used  in  so  many 
different  senses  that  the  meaning  in  which  the  individual  uses  it 
should  always  be  ascertained  as  far  as  possible.  Sometimes  it  signi- 
fies distinct  loss  of  seusibility.  More  often  a  feeling  as  if  there  ought 
to  be  loss  when  there  is  not.  Our  sensations  altogether  transcend 
our  vocabulary,  but  the  observer  must  try  (without  leading)  to  ascer- 
tain the  character  of  the  sensation  experienced. 

Beflex  Action. — Loss  of  reflex  action  indicates  an  interruption  of 
the  reflex  arc  concerned.  This  interruption  may  be  anywhere  between 
the  peripheral  endings  of  the  motor  and  sensory  nerves,  and  thus  is 
not  necessarily  within  the  spinal  cord,  or  even  within  the  spinal  canal. 
It  is  as  constant  in  peripheral  neuritis  as  in  any  spinal  disease.  The 
position  of  the  interruption  must  be  determined  by  the  associated 
symptoms ;  if  it  is  in  the  centripetal  portion  of  the  reflex  arc,  there  is 
imi»ainnent  of  sensation,  since  the  interruption  will  equally  arrest 
conduction  to  the  brain.  If  it  is  in  the  centrifugal  portion  of  the  arc, 
there  is  a  corresponding  interruption  in  the  path  of  the  voluntary  im- 
pulse, and  loss  of  motor  power.     Moreover,  disease  of  the  motor  centre 
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or  motor  nerves  causes  also  degeneration  of  tbe  nerves,  and  wasting;^ 
'  of  the  muscles.    Any  considerable  disease  of  the  nerves  abolibbes 
reflex  action  from  the  part  tbev  suppljr,  but  disease  limited  to  tbi 
motor  structures  may  permit  a  reflex  movement  to  take  place  at 
distance,  although  preventing  it  at  the  part  stimulated. 

Disease  of  the  motor  centre   or   nerves  causes  loss  of  all  form 
of  reflex  action,  the  simple  form  aud  tbe  muscle-reflex  that  underlies 
myotatic   irritability.      Partial   disease  of    tbe  afferent   patb   nia.j 
impair  one  and  not  tbe  other,  may  abolisb  tbe  muscle- reflex  actia^i 
(myotatic  irritability)  and  not  the  superficial  reflex  action,  since  the 
afferent  nerves  for  the  two  are  distinct,  coming  in  the  one  case  froio 
tbe  muscles,  in  the  other  from  tbe  skin.     When  one  only  is  lost  it  ii 
generally  the  muscle-reflex  action;   the  nerves  for  this  seem  more 
susceptible  and  to  have  less  power  of  resisting  morbid  influences. 

Loss  of  all  reflex  action  may  occur  as  a  transient  symptom,  imme- 
diately after  the  onset  of  an  acute  lesion  of  the  cord,  apparently  from 
irritative  inhibition  of  the  centres.  Cutaneous  reflex  action  may  he 
lessened  permanently  in  some  eases  of  brain  disease  on  tbe  side  of  tbe 
motor  palsy,  even  when  the  muscle-reflex  action  is  increased.  Indeed, 
this  opposite  change  in  the  two  forms  of  reflex  action  co-existing  on  the 
same  side  always  suggests  intra-cerebral  disease.  It  may  be  well 
again  to  remind  the  reader  how  difficult  it  often  is  to  be  sure  whether 
the  knee-jerk  is  present  or  is  lost,  on  account  of  tbe  readiness  with 
which  its  oocuri'ence  may  be  prevented  by  inability  to  relax  tbe  muscles, 
and  its  presence  may  be  simulated  by  a  true  reflex  action  (see  p.  200). 

Excest  of  reflex  action  implies,  of  necessity,  the  integrity  of  the 
reflex  arc  concerned,  and  shows  that  organic  disease,  if  it  exists,  is 
higher  up  the  cord.  Each  form  of  reflex  action  is  often  increased. 
In  some  acute  diseases,  as  acute  meningitis,  and  probably  also  in  some 
chronic  diseases,  the  increase  may  be  due  to  an  irritation  of  tbe  centres, 
but  in  most  forms  of  chronic  disease  it  is  apparently  the  result  of  a 
loss  of  control,  and  indicates  disease  between  tbe  centre  concerned 
and  the  brain.  We  have  already  considered  (p.  202)  tbe  probable 
mechanism,  and  have  seen  that  tbe  excess  of  tbe  muscle-reflex  action 
is  related  to  disease  of  tbe  pyramidal  fibres,  and  especially  to  tbe  loss 
of  the  terminal  part  of  Hbese  fibres,  within  the  grey  matter,  adjacent 
to  the  centres  concerned.*  This  is  tbe  significance  of  considerable 
excess.  Degeneration  of  the  terminal  portions  of  tbe  fibres  is  com- 
monly due  to  a  descending  degeneration  of  tbe  fibres  themselves.  It 
is  posjiible,  however,  that  the  degeneration  of  tbe  endings  of  the 
]>Yramidal  fibres  may  be  primary,  as  is  that  of  tbe  nerve-fibres.  (See 
Primary  Spastic  Paraplegia.)     The  increase  of  reflex  action  is  chiefly 

*  It  is  iuteresting  to  note  the  analogy  between  the  effects  of  degeneration  of  the 
termination  of  the  two  segmenta  of  the  motor  path.  Tbe  iDcreaied  activity  of  the 
muscle-reflex  centres,  which  results  from  degeneration  of  the  termination  of  the 
upper  segment,  presents  some  similarity  to  the  increaiied  voltaic  irritability  of  tha 
muscular  fibres  which  results  from  degeueration  of  the  termination  of  tbe  luwor 
segiueut. 
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manifested  in  tbe  legs,  in  which  reflex  action  is  norniall j  more  actiye 
and  important  than  in  the  arms.  The  increase  in  the  cutaneous  reflex 
action  is  shown  bj  its  occurrence  on  a  slighter  stimulation  of  the  skin, 
and  bj  a  greater  degree  and  extent  of  the  muscular  contractions 
produced.  In  these  the  flexors  usually  predominate,  so  that  the  leg 
ia  drawn  up  in  a  strong  moyeinent.  As  the  action  of  the  sexual 
organs  depends,  in  part,  on  superficial  reflex  processes,  priapism  is 
common  when  the  reflex  excess  is  great.  The  increase  of  the  muscle- 
reflex  action  is  shown  by  an  increase  of  mjotatic  irritability,  and 
therefore  of  the  so-called  "  tendon-reflex  contractions," — ^the  increased 
knee-jerk,  rectos-clonus,  foot-clonus,  wrist-jerk,  elbow-jerk,  chin-jerk 
(jaw-jerk),  Ac.  These  haye  been  already  described.  As  already 
stated,  the  excess  of  this  iiritability  is  at  first  modem te,  and  slowly 
increases.  A  high  degree  of  over-action  is  never  suddenly  attained, 
as  it  may  be  in  the  case  of  cutaneous  reflex  action.  It  would  seem  as 
though,  in  the  centres  liberated  from  control,  a  capacity  for  excessive 
action  is  slowly  developed,  which  ultimately  results  in  tonic  spasm. 

Not  only  is  the  common  cause  of  this  excess  damage  to  the  pyra- 
midal tracts  higher  up  the  cord,  entailing  their  secondary  degenera- 
tion, but  if  such  disease  higher  up — as,  for  instance,  primary  myelitis  or 
injury  to  the  cord — is  followed  by  abolition  of  the  muscle-reflex  action 
in  the  parts  below,  it  is  the  result  of  inflammatory  damage  to  the 
lower  part  of  the  cord  in  which  the  centres  are  situated,  generally 
by  a  descending  myelitis.  Sometimes  the  original  myelitis  involved 
the  whole  or  a  considerable  part  of  the  cord  below,  and  the  indications 
of  a  transverse  lesion  were  merely  those  of  the  upper  limit  of  the 
disease.  It  is  not  uncommon  for  the  secondary  myelitis  below  an 
original  transverse  lesion  to  succeed  it,  and  abolish  the  reflex  action 
which  was  at  first  unimpaired.  I  have  several  times  met  with  such  a 
sequence.  A  primary  dorsal  myelitis  has  left  reflex  action  in  the  legs 
unimpaired  and  tending  to  excess,  with  the  sphincter  ani  in  its  condi- 
tion of  uncontrolled  automatic  action,  when  after  a  few  days,  a  week 
or  more,  indications  of  a  recurrence  of  myelitis  have  been  attended 
by  abolition  of  all  reflex  action,  including  the  knee-jerk,  by  flaccidity 
of  the  muscles,  with  rapid  development  of  the  reaction  of  degeneration 
in  them,  and  by  complete  relaxation  of  the  sphincter  ani.  This  is  the 
state  from  the  first  in  the  cases  in  which  the  primary  myelitis  involves 
the  whole  lower  part  of  the  cord.  Sometimes,  indeed,  such  descending 
inflammation  is  limited  to  the  grey  matter  or  to  the  posterior  columns, 
with  corresponding  limitation  of  the  symptoms  but  with  a  similar 
abolition  of  reflex  action.  Of  course,  such  descending  inflammation  is 
a  very  different  thing  from  the  secondary  descending  degeneration  of 
the  pyramidal  tracts.* 

*  In  conteqnenee  of  the  occarrenee  of  this  inflammation  in  the  lower  part  of  the 
cord  having  heen  overlooked,  it  has  heen  thought  that  a  transverse  lesion  higher  np 
has  the  power  of  abolishing  reflex  action  below,  where  the  cord  is  jot  damag^  except 
bv  deacending  degeneration.    See,  however,  p.  229,  note. 
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Over-action  may  perhaps  be  also  produced  hy  a  state  of  irritation 
propagated  from  above,  as  in  the  "  early  rigidity  "  of  hemiplegia ;  we 
have  seen  that  the  motor  impulses  probably  pass  from  the  pyramidal 
fibres  through  part  at  least  of  the  muscle-reflex  mechanism.  Primarj 
over-action  seems  also  to  occur,  although  apparently  it  only  attaint  a 
slight  degree.  It  is  probably  the  cause  of  the  trifling  excess  met  with 
in  cases  of  defective  nutrition  of  the  spinal  cord  or  of  the  nervooa 
system  generally. 

Reflex  Spasm. — We  have  seen  (p.  16)  that  the  muscular  state  od 
which  myotatic  irritability  depends,  ussumed  to  be  due  to  a  muscle- 
reflex  action,  is  probably  identical  with  physiological  tone.  When* 
ever  there  is  a  considerable  increase  in  the  irritability,  there  is  a 
tendency  to  tonic  spasm,  in  which  there  is  a  balanced  contraction 
of  the  muscles,  fixing  the  limbs  in  the  position  of  extension.  At 
first  there  is  merely  slight  stiffness  of  the  legs,  especially  felt  on 
waking  from  sleep ;  afterwards  the  legs,  when  extended,  become 
distinctly  stiff,  although  they  may  be  quite  supple  when  flexed.  If 
gradually  extended,  when  near  full  extension,  the  spasm  suddenly 
comes  on  and  completes  the  movement,  as  the  blade  of  a  pocket  knife 
moves  under  the  influence  of  the  spring.  Hence  this  has  been  termed 
**  clasp-knife  rigidity."  Ultimately  the  extensor  spasm  may  be  so 
great  that,  when  it  occurs,  both  legs  are  rigid,  and  are  so  firmly  con* 
nected  with  the  pelvis  that  if  one  is  lifted  from  the  bed  the  other  is 
moved  also.  This  is  only  met  with  in  organic  disease,  and  is  an  im- 
portant diagnostic  indication.  Paroxysms  of  spasm  may  be  brought 
on  by  any  impression  on  the  sensory  nerves,  a  prick  on  the  skin,  or  an 
attempt  to  obtain  the  clonus.  The  extreme  spasm  prevents  any  clonus 
being  obtained,  and  it  may  be  necessary  to  flex  the  limb  before  an 
attempt  to  obuiin  it  is  successful.  As  violent  spasm  is  passing 
off,  moreover,  the  tension  of  the  muscles  may  alone  set  up  a  clonus, 
so  that  the  paroxysm  of  tonic  spasm  passes  into  clonic  spasm,  a 
phenomenon  that  was  termed  by  Brown-Soquard  "  spinal  epilepsy,** 
on  account  of  the  superficial  resemblance  to  the  sequence  of  spasm  io 
an  epileptic  fit.  This  clonic  spasm  may  often  be  arrested  by  any 
strong  painful  impression  on  the  sensory  nerves,  a  pinch  of  the  skin, 
or  painful  flexion  of  the  big  toe  ;  the  strong  stimulation  of  the  nerves 
of  common  sensation  inhibits  the  reflex  centre  concerned  in  the  clonus. 
There  is  always  much  weakness  of  the  legs  when  there  is  much 
spasm,  and  there  may  be  almost  complete  paralysis.  Hence  the  condi- 
tion has  been  termed  *'  spastic  paraplegia."  It  is  probable  that  the 
central  reflex  mechanisms  concerned  in  the  production  of  this  extensor 
spasm  are  those  that  subserve  the  act  of  standing.  The  spasm  often 
enables  a  paraplegic  patient  to  stand,  when  his  voluntary  power  is 
quite  insuiEcieut  for  the  act.  In  advanced  cases  the  extensor  spasm 
may  be  varied  by  attacks  of  flexor  spasm,  which  at  first  come  on 
chiefly  during  sleep,  but  after  a  time  preponderate,  and  may  ulti- 
mately be  permanent  I  this  is  always  an  unfavorable  symptom,  since. 
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for  aome  reasoD  not  yet  understood,  this  flexor  spasm  indicates  a 
condition  of  the  spinal  cord  from  which  recovery  is  rare. 

Yabo>xotob  and  Tbopuic  Distubbancs. — Change$  in  Nutriiion. — 
Considerable  wasting  of  the  muscleM  indicates  disease  of  the  motor 
nerre-cells,  or  of  the  nerve- fibres  proceeding  from  these  cells.  If  the 
disease  is  acute,  there  is  rapid  degeneration  of  the  nerves,  with  the 
reaction  of  degeneration  in  the  muscles  (see  p.  56).  The  wasting  in 
these  cases  is  always  great,  and  there  is  always  loss  of  reflex  action. 
Occasionally  some  fibres  of  the  nerve  and  muscle  suffer  and  others  do 
not,  cansing  the  "  middle  "  or  "  mixed  "  form  of  reaction  (see  p.  26). 
In  rare  cases,  in  which  the  nerve  degeneration  set  up  is  of  an  intensely 
irritative  character,  the  muscles  may  rapidly  lose  all  irritability  in 
consequence  of  true  degeneration  of  the  fibres.  I  have  observed 
this,  for  instance,  in  a  gprowth  in  the  lumbar  region.  In  other  cases  of 
disease,  however,  there  is  a  slighter  degree  of  wasting  of  the 
muacles;  there  is  no  loss  of  irritability  in  the  nerves;  the  irrita- 
bility may  be  slightly  increased  or  lessened,  but  is  changed  in  the 
same  way  to  each  form  of  electricity.  In  this  condition  reflex  action 
is  not  lost,  but,  on  the  contrary,  is  often  increased.  The  change  is 
apparently  the  result  of  a  peculiar  alteration  in  the  nutrition  of  the 
nerre-oells.  It  is  usually  the  effect  of  an  irritative  degeneration  of  the 
pyramidal  fibres,  which  influences  in  a  peculiar  manner  the  nutrition 
of  the  motor  cells. 

The  changes  in  the  nutrition  of  the  skin,  if  slight  and  chronic, 
resemble  those  produced  by  disease  of  the  nerves  (see  p.  61),  and  are 
probably  produced  through  the  agency  of  the  posterior  roota.  Some- 
times, however,  these  changes  are  most  acute.  Very  slight  pressure, 
continued  for  a  few  hours,  causes  vesication,  and  even  sloughing  of 
the  skin.  Sometimes  bullee  form  where  there  has  been  no  pressure. 
Occasionally  there  is  inflammation  of  the  joints.  Such  intense 
changes  are  only  met  with  when  the  morbid  process  in  the  cord  is 
irritative  in  its  character,  especially  in  hsemorrhage,  and  in  spreading 
or  disseminated  myelitis.  The  points  on  which  sloughing  occurs  with 
greatest  readiness  are  the  heel,  over  the  malleoli,  the  trochanters,  and 
the  sacrum.  The  position  of  the  bedsores  in  paraplegia,  usually  over 
the  sacrum,  is  different  from  that  in  hemiplegia,  generally  over  the 
glnteal  region  on  the  paralysed  side.  The  tendency  to  trophic  dis- 
turbance probably  favours  the  occurreuce  of  cystitis  from  retention 
of  urine,  and  the  readiness  with  which  the  inflammation  invades  the 
kidneys.  I  have  seen  a  low  form  of  suppurating  subperitoneal  pelvic 
cellulitis,  in  a  case  of  disseminated  myelitis  with  cutaneous  sloughs, 
in  which  no  other  cause  for  the  cellulitis  could  be  found. 

VoBO-moior  disturbance  is  common  in  slight  degree,  irrespective  of 
the  seat  of  the  disease,  but,  like  the  trophic  changes,  which  probably 
depend,  in  some  degree,  upon  it,  it  is  always  most  intense  in  irritative 
lesions  of  the  cord.  The  slighter  and  common  degree  consists  merely 
in   increased  warmth  of  the  hmbs  in  which  the  vessels  dilate  too 
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readily,  while,  at  a  later  period,  the  limbs  are  colder,  paler,  and  often 
livid  at  the  extremities.  In  rare  cases  intense  flushing  of  the  skin 
has  been  observed,  or  copious  and  long-continued  perspiration.  When 
the  disease  is  in  the  lower  cervical  region,  flushing  and  perspiration 
may  occur  on  the  face  and  head. 

Disease  of  the  cervical  cord  or  nerves  is  sometimes  attended  bj  a 
change  in  the  pupil,  on  one  side  only.  It  is  due  to  the  fact  that  the 
dilator  is  innervated  from  the  cervical  sympathetic  through  the  last 
cervical  nerves.  There  may  be  contraction,  from  paralysis  of  these 
radiating  fibres,  or  there  may  be  persistent  dilatation  from  their 
irritation.  The  cause  of  the  double  myosis,  so  common  in  some 
degenerative  diseases  of  the  cord,  is  uncertain ;  it  is  associated  with 
loss  of  the  light-reflex,  and  also  of  the  reflex  dilatation  produced  bj 
stimulating  the  skin  of  the  neck. 

The  frequency  of  the  heart's  action  is  often  permanently  increased 
in  locomotor  ataxy,  but  we  do  not  know  by  what  mechanism.  In 
disease  of  the  cervical  cord  (perhaps  also  in  that  of  the  cervical 
nerve-roots)  the  heart  may  be  slowed  to  forty,  thirty,  or  twenty  beats 
per  minute,  usually  only  for  a  time.  The  effect  may  perhaps  be  due 
to  a  loss  of  the  influence  of  the  nerves  which,  when  stimulated,  quicken 
the  heart.  In  acute  disease  of  the  upper  dorsal  region  the  heart's 
action  may  be  persistently  frequent. 

Visceral  Disturbance, — ^Various  disturbances  in  the  alimeniary  eantd 
occur  in  disease  of  the  spinal  cord,  and  are  no  doubt  due  to  the  fact 
that  the  sympathetic  nerves  immediately  controlling  the  canal  are 
under  the  influence  of  the  cord,  and  may  be  excited  to  abnormal 
action  by  its  irritation,  or  may  underact  when  its  influence  is  lessened. 
Difficulty  of  deglutition  is  observed  in  some  cases  of  acute  disease 
of  the  upper  cervical  region.  Vomiting  occurs  also  in  disease  of  the 
same  part,  especially  in  fracture  of  the  cervical  vertebrae.  Constipa- 
tion is  extremely  common  in  disease  of  the  cord  above  the  lumbar 
enlargement. 

Paralysis  of  the  Sphincters, — Incontinence  of  urine  an*d  faeces  may 
be  due  to  disease  of  the  centres  that  control  the  action  of  the 
sphincter  ani  and  the  muscular  mechanism  of  the  bladder  respectively, 
or  it  may  be  due  merely  to  disease  of  the  path  (probably  the  pyra- 
midal tract)  through  which  voluntary  control  is  exerted.  In  the 
latter  case  the  sphincter  ani  acts  in  an  automatic  reflex  manner  as 
already  explained.  If  the  finger  is  introduced  within  it,  the  initial 
relaxation  is  felt  to  be  succeeded  by  a  firm  tonic  contraction.  This 
proves  that  the  anal  centre  in  the  lumbar  enlargement,  and  the 
nerves  proceeding  fix>m  it,  are  intact  If  this  centre  is  destroyed,  or 
the  nerves  interrupted,  no  tonic  contraction  can  be  felt;  there  is 
complete  and  persistent  relaxation.  I  have  more  than  once  observed 
a  dorsal  transverse  myelitis  to  arrest  the  voluntary  Influence  and 
leave  the  sphincter  in  its  condition  of  simple  reflex  action,  and,  a 
week  or  ten  days  later,  the  exteusion  of  the  myelitis  into  the  lumbar 
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region  to  be  attended  by  (amoDg  other  signs)  perfect  inaction  of  the 
iphincter.  A  rectal  examination  will  tlieu  often  give  important  in- 
formation regarding  the  extent  of  the  disease  downwards. 

The  sphincter  of  the  bladder  is  not  accessible  to  such  direct 
sxauiination,  and  the  mechanism  seems  to  be  more  complex,  but  we 
may  distinguish  conditions  corresponding  to  those  of  the  rectum.  If 
the  lumbar  centre  is  destroyed  the  sphincter  is  permanently  relaxed ; 
urine  diibbles  out  of  the  bladder  as  fast  as  it  enters  it;  there  is 
ftimple  incontinence.  If  there  is  an  interruption  of  the  voluntary 
path  above  the  centre,  the  sphincter  may  act  automatically;  when  a 
certain  amount  of  urine  has  collected  in  the  bladder  it  excites  the 
muscular  fibres  in  the  wall  to  contract ;  the  sphincter  relaxes,  and  the 
urine  escapes ;  there  is  intermittent  incontinence.  In  this  condition 
the  mechanism  is  excited  to  action  by  any  pressure  on  the  bladder ; 
a  movement,  or  the  act  of  coughing,  will  make  the  urine  come  away. 
But  the  muscle  of  the  wall  of  the  bladder  is  indirectly  under  the 
iofluence  of  the  will;  when  the  sphincter  is  voluntarily  relaxed  the 
detrusor  fibres  in  the  wall  contract.  Loss  of  voluntary  power  seems 
to  lead  to  weakness  in  the  wall  of  the  bladder,  so  that  the  bladder  is 
never  i^rfectly  emptied,  and  ultimately  the  detrusor  cannot  contract 
to  expel  the  urine,  even  when  the  sphincter  is  relaxed.  Hence  reten- 
tion of  urine  occurs.  When  a  certain  degree  of  distension  of  the 
bladder  is  attained,  the  pressure  becomes  sufficient  to  force  the  urine 
out  whenever  the  sphincter  relaxes,  and  such  relaxation  is  continually 
occurring  under  the  high  pressure  that  is  repeatedly  renewed  in 
consequence  of  the  flow  from  the  kidneys.  Hence  incontinence 
results — *'  overflow  incontinence."  The  retention  often  develops  very 
gradually  and  insidiously  when  the  voluntary  power  is  only  lessened ; 
the  residual  urine  is  at  first  small  in  amount,  but  gradually  increases 
as  the  detrusor  fails  to  contract  adequately  against  the  resistance. 
It  is  important,  if  the  urine  comes  away  involuntarily,  to  ascertain 
which  form  of  incontinence  exists ;  since  overflow  incontinence,  and 
the  retention  it  indicates,  have  much  graver  consequences  than 
simple  incontinence.  The  permanent  distension  of  the  bladder  con- 
stitutes a  permanent  hindrance  to  the  flow  of  urine  from  the  kidneys, 
and  serious  kidney  disease  may  result.  This  is  a  not  uncommon  cause 
of  dt-ath  in  spinal  disease.  Moreover,  whenever  the  bladder  is  habitu- 
ally emptied  imperfectly,  decomposition  is  apt  to  occur  in  the  residual 
urine.  The  decomposition  is  often  aided  by  the  lessened  acidity,  or 
even  actual  alkalinity,  of  the  urine.  This  change  in  the  composition 
of  the  urine  excites  inflammation  of  the  bladder ;  pus  is  formed  by 
the  mucous  membrane,  and  this,  in  its  turn,  increases  the  decompo- 
sition of  the  urine.  The  damage  to  the  kidneys,  by  the  hindrance  to 
the  flow  of  urine  from  them,  may  be  increased  by  inflammation 
ucending  the  ureters  from  the  bladder. 

Pyrexia, — The   initial  elevation   of   temperature  in    some  spinal 
lesions  may  be  due  to  them  directly,  but  sometimes  it  is  due  to  a 
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blood-state  of  which  the  cord  disease  is  a  result.  This  is  probably  the 
case  in  polio-myelitis.  The  temperature  is  sometimes  raised  in  dii. 
ease  of  the  cord  apart  from  the  influence  of  morbid  process.  Diseue 
of  the  upper  cervical  cord,  like  that  of  the  medulla,  may  cause  hyper- 
pyrexia, and  this  may  also  result  from  acute  central  lesions  that  occupy 
a  considerable  vertical  extent,  such  as  a  central  hsemorrhage,  although 
by  what  mechanism  these  act  we  do  not  know.  Slight  yariable  eleva- 
tion of  temperature  sometimes  occurs  in'  disease  of  the  dorsal  cord, 
and  is  probably  due,  in  some  way,  to  the  disturbance  of  its  functions 
rather  than  to  any  influence  of  the  morbid  process.  For  instance,  in 
one  case  of  hsemorrhagic  myelitis  with  damage  from  the  third  dorsal  to 
the  second  lumbar  segments,  every  application  of  electricity  to  the 
legs  was  followed  by  slight  pyrexia. 

ConvuUiani. — Lastly,  convulsiye  attacks  have  been  known  to  attend 
the  onset  of  acute  lesions  in  yarious  parts  of  the  cord,  in  adults  as 
well  as  iu  children.  They  are  most  frequent  in  disease  of  the  cervical 
cord,  but  I  have  known  a  convulsion  to  occur  in  an  adult  at  the  onsei 
of  myelitis  in  the  lower  dorsal  region.  The  convulsions  are  general 
Their  mechanism  is  unknown,  and  in  some  cases,  especiallj  of  infan- 
tile polio-myelitis,  they  may,  like  the  mitral  pyrexia,  be  the  result  of 
general  disturbance  of  the  system  by  an  acute  morbid  blood-state. 

Combination  ow  Symptoms. — Certain  symptoms  are  frequently 
combined,  and  their  combination  has  a  definite  localising  significance. 
Loss  of  motor  power  occurs  in  two  different  associations,  according  to 
the  position  of  its  cause  in  the  motor  path.  It  may  be  combined 
with  muscular  wasting,  loss  of  electric  irritability,  and  loss  of  all 
reflex  action.  Li  this  case  the  disease  is  in  the  anterior  comua  or 
nerve-roots,  the  lower  segment  of  the  motor  path.  (But  the  same 
symptoms  are  produced  by  disease  of  the  nerves  themselyes — in 
multiple  neuritis.)  On  the  other  hand,  there  may  be  no  wasting,  no 
change  in  irritability,  and,  instead  of  a  loss  of  reflex  action*  the  myo- 
tatic  irritability  is  increased.  The  interruption  of  the  motor  path  is 
then  in  the  upper  segment,  usually  in  the  pyramidal  tracts.  It  may 
be  a  focal  lesion  of  the  cord,  or  a  primary  degeneration  of  the  tracts. 
The  distinction  is  that,  in  the  latter  case,  there  is  nothing  more  than 
the  muscular  weakness  and  increased  myotatic  irritabilitj.  In  the 
former  case  there  are,  or  have  been,  indications  that  the  lesion  has 
extended  beyond  the  purely  motor  elements. 

The  symptoms  caused  by  disease  of  the  several  elements  of  the  con! 
have  now  been  described,  but  it  is  necessary  to  consider  further  the 
combination  of  symptoms  that  results  from  a  total  transverse  lesion  of 
the  cord,  and  from  a  unilateral  lesion. 

A  toted  transverse  lesion,  however  limited  in  vertical  extent,  sepa- 
rates from  the  brain  all  parts  below  it,  and  hence,  so  far  as  will  and 
feeling  are  concerned,  it  produces  the  same  effect  as  if  the  whole  of 
the  cord  below  the  lesion  were  destroyed.  Compression  of  the  cord 
in   the  middle  of  the  cervical  enlargement,  for   instance,  abolishes 
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motion  and  Bonsation  ia  all  parts  below  the  distribution  of  the 
oerrical  plexus.  A  transverse  lesion  at  the  second  dorsal  nerve 
causes  motor  and  sensory  palsy  of  the  trunk  and  legs,  leaving  the 
arms  unaffected.  But  the  same  loss,  motion  and  sensory,  results 
from  disease  which  damages  the  whole  cord  up  to  the  level  indicated. 
Hence  the  extent  of  the  motor  and  sensory  paralysis  indicates  only 
the  upward  limit  of  the  lesion ;  how  far  it  extends  downwards  is 
shown  by  the  interference  with  the  central  and  especially  the  reflex 
faoctions  of  the  cord.  The  upward  level  is  indicated  not  only  by  the 
loss  of  conduction,  but  also  by  the  position  of  the  girdle-pain,  and 
radiating  pains,  or  zone  of  hyperesthesia,  which  are  due  to  the  irrita- 
tion of  the  lowest  sensory  nerves  in  the  upper  portion. 

It  is  desirable  to  know  the  symptoms  of  impaired  conduction 
that  occur  when  a  transverse  lesion  is  at  different  levels  in  the  spinal 
eord.  They  may  readily  be  ascertained  by  an  examination  of  the 
table  given  at  p.  210.  There  is,  however,  some  uncertainty  as  to  the 
effect  on  sensation  in  the  limbs  produced  by  disease  at  different  parts 
of  the  lumbar  and  cervical  enlargements,  since,  as  we  have  seen,  the 
exact  representation  of  sensation  in  the  cord  is  still  uncertain. 

The  upper  limit  of  the  lesion  is  shown  by  the  upward  extent 
of  the  motor  and  sensory  loss,  according  to  the  flrst  three  columns. 
The  lowest  nerves  supply  the  anus  and  perinsBum.  Those  that 
supply  the  skin  and  muscles  of  the  leg  and  foot  arise  from  the 
fourth  lumbar  to  the  third  sacral  segments,  and  are  damaged  by 
a  lesion  involving  the  lower  part  of  the  lumbar  enlargement.  We 
must,  however,  remember  that  the  skin  of  the  inner  part  of  the 
leg  ia  not  supplied  from  the  sacral  nerves,  and  so  may  escape 
when  the  outer  part  of  the  leg  and  back  of  the  thigh  have  lost 
sensation.  In  the  middle  of  the  lumbar  enlargement  the  nerves 
arise  which  enter  the  lumbo-sacral  cord,  and  these  are  probably 
destined  for  the  flexors  of  the  knee,  and  for  the  hip-muscles  supplied 
by  the  sacral  plexus,  the  glutei,  quadratus,  and  gemelli,  and  for  the 
akin  of  the  lower  part  of  the  gluteal  region.  These  parts  then  will  be 
paralysed  by  disease  in  the  middle  of  the  lumbar  enlargement,  while 
the  muscles  and  skin  in  front  of  the  thigh  are  unaffected.  The  latter 
suffer  when  the  disease  affects  the  upper  part  of  the  lumbar  enlai^e- 
ment,  the  origin  of  the  anterior  crural  (rectus,  <fec.),  and  obturator 
(adductors).  The  skin  on  the  upper  and  outer  parts  of  the  thigh  loses 
sensibility,  with  the  part  adjacent  to  the  scrotum,  and  in  the  groin, 
only  when  the  disease  damages  the  highest  part  of  the  lumbar  enlarge- 
ment, from  which  the  second  and  third  lumbar  nerves  arise,  and  then 
the  flexors  of  the  hip  become  paralysed.  In  proportion  as  the  disease 
is  higher  in  the  dorsal  region,  we  have  the  symptoms  ascending  higher 
up  the  trunk,  and  marking  accurately  the  height  of  the  lesion  by  the 
loss  of  cutaneous  sensibility,  and  by  the  impairment — first,  of  the  ab- 
dominal muscles,  and  then  of  the  intercostal  muscles.  The  umbilicus 
corresponds  to  the  tenth  dorsal  nerves,  and  the  ensiform  area  to  the 
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Bixth  and  seventh.     When  the  disease  reaches  the  lowest  part  of  tb« 
cervical  enlargement  (the  first  dorsal  nerves),  we  have  the  first  sjm* 
ptoms  in  the  upper  extremity ;  but  these  are  not,  as  might  be  expected, 
in  the  muscles  moving  the  shoulder- joint,  but  in  the  hand.     Thefirgt 
numbness  is  complained  of  in  the  little  finger,  and  the  first  weakness 
is  in  the  intrinsic  muscles  of  the  hand.     Ascending  higher,  the  sjoi- 
ptoms  pass  up  the  arm  with  some  uniformity,  and  without  respect  to 
nerve  distribution.     When  the  middle  of  the  cervical  enlargement  is 
reached  (the  fifth,  sixth,  seventh  cervical)  the  shoulder-muscles  and 
the  serratus  magnus  become  paralysed,  and  there  is  general  loss  of 
power  and  sensation.      (For  details  see  table,  p.  210,  and  also  p.  192.) 
Above  the  level  of  the  sixth  pair,  the  trapezius  and  stemo-mastoid 
become   somewhat  weakened,  for  the  fibres  of   the  spinal  accessor? 
which  supply  them  undoubtedly  arise  in  part  from  this  region  of 
the  cord.     At  the  fourth  and  fifth  cervical  the  lowc^  part  of  the 
neck  becomes  ansesthetic,  and  the  diaphragm  ceases  to  act.     Here 
our  localisation  might  cease,  for  total  transverse  lesions  at  this  spot 
necessarily  cause  death.     For  a  little  time  the  sterno-mastoids  and 
scaleni  can  still  get  some  air  into  the  chest,   rarely   in    sufficient 
amount  to   maintain  life  for  more  than  a  few   days.     Lut   limited 
lesions  may  occur  higher   up,  and  then  we  have  complete  power- 
lessness  of  the  muscles  moving  the  head,  upper  part  of  trapezius  and 
sterno-mastoid,  and  other  muscles  attached  to  the  occipital  bone,  and 
interference  with  sensation  in  the  neck  and  parts  of  the  head,  which 
are  not  supplied  by  the  fifth  nerve. 

The  extent  downwards  of  the  lesion,  its  vertical  extent,  is  thus  not 
indicated  by  the  impairment  of  the  conducting  functions,  by  the  motor 
or  sensory  paralysis  ;  to  ascertain  it  we  have  to  examine  the  functions 
of  the  cord  as  a  central  organ,  and  to  ascertain  bow  far  they  are 
impaired  in  the  paralysed  region — to  examine  especially  muscular 
nutrition  and  refiex  action.  The  state  of  muscular  nutrition  and 
irritability  indicates  how  far  the  anterior  comua  are  injured.  The 
relation  of  the  several  groups  of  muscles  to  the  cord  is  shown  in  the 
first  column  of  the  table.  The  integrity  of  reflex  action  indicates  the 
integrity  of  the  reflex  loops,  and  the  study  of  the  superficial  reflexes  of 
the  trunk  is  especially  instructive  in  this  respect.  The  series  of  reflexes, 
and  the  relation  of  each  to  the  cord,  are  shown  in  the  third  column  of 
the  table ;  the  muscle-reflex  contractions  are  printed  in  italics  in  the 
position  which  corresponds  to  the  centres  and  nerve-roots  which  aro 
essential  for  their  production.  Excess  of  superficial  reflex  action  indi- 
cates loss  of  the  cerebral  control  exerted  on  the  reflex  centres,  and  con- 
siderable excess  of  the  muscle-reflexes  implies  impaired  function  of  the 
lowest  part  of  the  pyramidal  tracts,  and  generally  shows  the  existence 
of  a  descending  degeneration  in  the  lateral  columns.  Keflex  action 
in  the  legs  may  be  abolished  for  a  few  hours  by  acute  disease  or 
injury  above  the  lumbar  enlargement,  in  consequence  of  inhibitoiy 
shock,  but  soon  returns  if  the  lumbar  centres  are  intact.    As  already 
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explained  (p.  220),  if  there  is  no  return  of  reflex  action  or  mjotatic 
irritability,  tLeir  absence  shows  that  the  lumbar  region  is  involved  in 
the  primary  lesion ;  secondary  extension  to  this  is  indicated  by  loss 
of  reflex  action  distinctly  subsequent  to  the  onset.  If  such  loss 
occurs  without  wasting  and  loss  of  faradic  irritability  in  the  muscles 
it  shows  that  the  disease  in  the  lumbar  region  is  limited  to  the  poste- 
rior columns  or  comua.* 

The  fact  of  chief  importance  is  that  dorsal  cord  disease,  the  most 
common  form,  causes  no  persistent  loss  of  reflex  action  in  the  l^s, 
and  that  for  such  loss  special  causes  must  be  sought. 

Unilateral  lesions  interrupt  the  motor  path  to  the  muscles  on  the 
same  side  as  the  lesion,  causing  one-sided  palsy,  termed  "  spinal  hemi- 
plegia '*  when  the  disease  is  so  high  as  to  affect  both  arm  and  leg, 
**  hemi -paraplegia  "  when  it  is  lower,  and  affects  one  leg  only.  There 
is  often  some  loss  of  power  on  the  opposite  side,  which  may  be  due 
either  to  slighter  damage  to  the  other  side  of  the  cord  (since  few  lesions 
are  strictly  unilateral)  or  to  damage  to  non- decussating  or  re-decussat- 
ing fibres.  Conyersely,  the  paralysis  of  the  leg  may  be  incomplete  when 
that  of  the  arm  is  complete,  owing  to  the  escape  of  the  fibres  for  the 
leg  which  cross  lower  down  the  cord.  Sensation  is  affected  on  the 
oi»posite  side,  but  not  quite  up  to  the  level  of  the  lesion,  because  the 
decussation  of  the  sensory  tract  is  not  immediate,  but  occurs  some- 
what above  the  entrance  of  the  nerves.  The  upper  level  may  vary  for 
different  forms  of  sensibility,  in  consequence  probably  of  the  level  of 
crossing  (in  relation  to  entrance)  being  different  for  the  several  paths. 
A  lesion  in  one  side  of  the  lumbar  enlargement  often  affects  sensation 
on  the  same  side  as  motion,  because  it  damages  the  sensory  path 
before  it  has  crossed.  In  all  cases  of  crossed  motor  and  sensory  para- 
lysis, the  sensibility  of  the  muscles  differs  from  the  other  forms  of 
sensibility,  and  if  it  is  affected  on  one  side,  this  is  the  side  of  the  motor 
palsy  and  not  of  the  cutaneous  ana^sthesia-f 

*  A  few  ca«e8  have  been  met  with  in  which  a  transverse  legion  of  the  dorsal 
cord,  especially  a  transverse  concussion- myelitis,  without  post-mortem  signs  of 
lumbar  inflammation,  hat  caused  a  persistent  loss  of  n^flex  action  in  the  legs.  In 
these  CMMm^  however,  there  has  been  not  only  loss  of  the  muscle-reflex  action,  but 
alto  of  the  skin  reflexes,  a  clear  indication  of  an  exceptional  condition.  Moreover, 
there  has  also  been  loss  of  faradic  irritability  and  rapid  muscular  wastins: — in  short, 
there  have  been  all  the  indications  of  a  lumbar  myelitis.  The  most  probable 
explanation  of  these  cases  is  that  the  descending  degeneration  of  the  pyramidal 
tract  has  been  more  than  usually  irritative  in  nature,  so  as  practically  to  amount  to 
a  parenchymatous  inflammation,  and  that  this  has  invaded  the  motor  structures  aa 
a  nutritional  change,  sufficient  to  abolish  their  function,  without,  however,  destroy- 
ing  their  form.  In  one  such  case  it  was  noted  that  the  lumbur  nerve  elements 
were  extremely  irranular  in  aspect.  For  a  diflerent  explanation  of  these  cases,  see 
Bastian,  •  Med.-Chir.  Trans.,'  1890.      cJa^    M.  ^'V^ 

f  This  was  first  pointed  out  by  Brown-S^uard  in  his  important  study  of  these 
CAM*.  Scepticism  has  been  expressed  as  to  the  fact,  based  on  a  denial  that  the 
test  commonly  employed,  recognition  of  posture,  is  signiticant.  Eiperiuients  rn 
aiiiiBala*  •▼€!!  moukcys»  are  inconclosiveb  but  the  evidence  from  cases  in  man  is  very 
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The  crossed  affection  of  cutaneous  sensibility  roaj  inTolye  all  forms 
of  sensation  or  only  some  of  tbem.  Sensibility  to  pain  is  almost 
inyariablj  impaired.  The  temperature  sense  is  usually  affected  with 
that  for  pain ;  in  only  two  of  twenty  recorded  cases  (in  which  the 
affection  of  sensibility  was  carefully  noted)  was  the  sense  of  tempera- 
ture normal,  and  that  of  pain  impaired,  and  in  neither  of  these  cases 
was  the  sensibility  to  pain  actually  lost.  On  the  other  hand,  in  one 
third  of  the  cases  tactile  sensibility  was  unaffected,  and  in  about 
one  tenth  of  the  cases  it  was  impaired  on  both  sides. 

Cutaneous  sensibility  is  sometimes  impaired  in  a  zone  at  the  level  of 
the  lesion,  and  on  the  same  side,  in  consequence  of  the  damage  to  the 
nerve-roots  entering  the  cord,  and  above  this  there  may  bo  a  narrow 
band  of  hypersesthesia  from  irritation  of  the  roots  at  the  upper  part 
of  the  lesion.     On  the  side  of  the  lesion,  below  the  anfiesthetic  zone, 
there  is,  in  most  cases,  a  remarkable  hyperaesthesia,  corresponding  in 
distributiou  with  the  anaesthesia  on  the  opposite  side.    Painful  impres- 
sions are  felt  most  acutely,  and  even  a  touch  on  the  skin,  or  warm  or 
cold  bodies,  produce  pain.     The  cause  of  this  hypersesthesia  is  obscure. 
Both  it  and  the  opposite  loss  of  sensibility  may  last  for  twenty  yean, 
and  it  cannot  be  ascribed  therefore  to  any  irritation  by  the  morbid 
process.     It  is  perhaps  due  to  an  altered  action  of  the  cerebral  centres 
on  the  opposite  side  of  the  brain.    There  is  much  evidence  of  an  inti- 
mate connection  between  the  sensory  centres  on  the  two  sides,  and  it  is 
conceivable  that  the  altered  functional  state  of  the  centre  on  the  side 
of  the  lesion,  to  which  impressions  cease  to  come,  may  induce  in  the 
opposite  hemisphere  a  condition  expressed  as  hypersBsthesia.     The  con- 
dition may  be  thought  of  in  relation  to  the  peculiar  phenomena  of 
transfer  in  hysterical  hemianoesthesia. 

Reflex  action  is  increased  in  all  its  forms  on  the  side  of  the  lesion, 
but  the  increase  only  occurs  after  some  days.  At  fii*st  it  is  lessened  or 
eycn  abolished,  no  doubt  from  the  inhibitory  influence  of  the  irrita- 
tion of  the  morbid  process. 

The  side  below  the  lesion  is  at  first,  for  some  days  or  even  weeks, 
warmer  than  the  other,  the  difference  being  usually  about  a  degree 
Fahrenheit.  In  the  course  of  time  this  difference  passes  away,  and 
the  side  may  even  be  colder  than  the  other. 

These  symptoms  may  l)e  shown  in  the  form  of  a  table : 

strong,  not  only  of  the  occurrence  of  the  \ow,  but  of  the  significance  of  the  teei.  In 
some  cases  moreover,  the  muscles  were  insensitive  to  pressure;.  One  reeorded 
instance  is  the  following : — A  stab  in  the  dorsal  region  caused  lots  of  cataneoas  ten* 
■ibility  in  the  right  leg  and  motor  palsy  in  the  left.  On  this  left  tide,  on  wfatoh 
cutiineous  sensibility  was  normal,  the  senie  of  posture  wat  absolutely  loet,  while  it 
was  present  on  the  right  side  on  which  cutaneoat  sensibility  wat  impaired.  The 
patient  often  thought  the  left  leg  was  flexed  when  it  wat  extended.  Ultimately  thit 
Ug  presented  distinct  ataxy.     (Gilbert,  '  Arch,  de  Neurologic/  1882,  p.  275.) 
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Zone  of  cat.  hyperestlietia. 
— — —  anasthesia. 


Xotor  piliy. 
HypenMtlietia  of  tkin. 
Mai^nlar  mdm  impaired. 
Reflex  action  first  lessened,  then 

increased. 
Temperatore  raised. 


LESION. 


Mnscnlar  power  normal. 
Loss  of  sensibility  of  skin. 
Muscular  sense  normal. 
Reflex  action  normal. 


Temperature 
above  lesion. 


that 


The  Tertical  distribution  of  the  symptoms  varies  according  to  the 
▼ertical  position  of  the  lesion.  Their  relations  are  best  marked  when 
the  lesion  is  in  the  dorsal  region  of  the  spinal  cord.  When  it  is  in 
the  cervical  or  lumbar  enlargement  the  upper  limit  is  less  distinct 
because  of  the  complex  represeutation  of  skin  and  muscle  in  the 
nerve-roots. 


OFXERAL  PATHOLOOT  AND  STIOLOOT:   INDICATIOyS  OF  THE 
NATURK  OF  TEE  LESION:   PATROLOQICAL  DIAGNOSIS, 


The  kinds  of  disease  to  which  the  spinal  cord  is  liable  are  not 
tpeciiicallj  numerous,  but  those  which  are  common  present  several 
varieties.  The  processes  are  congestion  and  anaemia,  hsemorrhage, 
inflammation,  degeneration,  and  growths.  Haemorrhage  and  growths 
are,  on  the  whole,  rare.  Congestion  and  anaemia  plaj  an  uncertain 
part  in  the  production  of  symptoms  ;  their  influence  has  been  certainly 
overrated  by  some  writers,  and  perhaps  under-estimated  bj  others. 
The  most  frequent  lesions  are  inflammation  and  degeneration.  These 
two  processes,  distinct  in  their  typical  forms,  blend  in  their  inter- 
mediate varieties.  Inflammation  varies  much  in  character  and  course. 
Its  effects  are,  in  some  cases,  produced  with  great  rapidity,  in  other 
cases  with  extreme  slowness.  It  probably  commences  in  most  instances 
outside  the  nerve-elements,  which  are  secondarily  involved.  Perhaps 
some  acute  processes  in  the  nerve-elements  themselves  are'  most 
accurately  regarded  as  a  parenchymatous  inflammation,  analogous 
to  that  which  we  know  occurs  in  the  fibres  of  the  peripheral  nerves. 
Degeneration  consists  of  two  processes,  a  wasting  of  the  nerve- struc- 
tures, cells  and  fibres,  and  an  overgrowth  of  the  connective-tissue 
elements.  The  latter  l^ds  to  the  condition  termed  sclerosis.  The 
name  has  been  given  to  it,  apparently,  because  the  process  is  one  that, 
in  other  organs,  increases  their  consistence.  In  the  cord  it  has  not 
often  this  effect.  The  newly-formed  connective  tissue  is  rarely  of 
greater  firmness,  and  is  often  less  firm,  than  the  nerve-elemonts  it 
replaces.    In  sderosia,  however,  we  must  distinguish  two  types.     In 
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one  the  process  is  limited  to  structures  that  ha^  the  same  fanctioi::^;;!^ 
the  process  begins  as  a  degeneration  of  the  nerve-elements,  and  t''^^ 
overgrowth  of  the  connective  tissue  is  a  consequence  of  their  wasti^;^ 
the  affection  is  essentially  •*  parenchymatous."     The   BO-called  "    ^j' 
condary  degenerations"  are  of  this  character;  but  similar  cbazWw^ 
are  often  primary,  and  affect  the  structures  that  have  the  b%,^ 
function,  often  through  a  considerable  extent  of  the  cord.     He^^;^ 
they  are  termed  '*  system  diseases."     In  the  other  type  the  mor'b/tf 
changes  are  not  distributed  according  to  function.     They  are  app^. 
rently  random  in  incidence,  and  involve  adjacent  structures  in  cod. 
sequence  of  contiguity.     These  bt^gin  in  the  connective  tissue  and  not 
in  the  nerve-elements,  which  suffer  secondarily.     They  are  essentiallT 
interstitial  processes.     Insular  sclerosis  is  an  example  of  this  tjpe. 

The  position  of  the  islets  of  sclerosis  has  no  relation  to  the  function  of  the 
part>«,  and  may  involve  parts  of  adjacent  structures  that  have  no  common  func- 
tion. Areas  of  diffuse  sclerosis  are  also  met  with  which  have  not  the  sharp 
limitation  of  the  insular  form,  and  are  regarded  by  some  as  of  the  nature  of 
chronic  sclerotic  inflammation.  If  such  a  lesion  is  so  situated  as  to  involve  fibrei 
that  undergo  secondary  degeneration,  this  necessarily  I'esults  when  the  damag* 
to  the  fibres  is  sufRciently  great.  We  have  then  a  combination  of  the  random 
and  systemic  forms  of  sclerosis,  but  one  that  has  no  real  pathological  signifi« 
cance. 

There  are,  however,  other  relations  between  the  two  tyi^es  that  deserve 
attention.  These  will  be  considered  in  connection  with  the  special  morbid 
processes  that  present  them,  but  a  brief  mention  of  them  here  may  make  some 
facts  of  other  diseases  more  intelligible.  The  process  of  secondary  degeneration 
and  secondary  sclerosis  varies  in  its  character,  presenting  in  some  cases  a 
greater  amount  of  vascular  disturbance  than  in  others.  It  seems  to  partake  of 
the  character  of  the  lesion  causing  it,  as  we  have  seen  (p.  55)  the  proce« 
of  secondary  degeneration  in  the  nerves  may  do.  The  same  difference  is  seen 
in  the  primary  degenei*ations,  such  as  occur  in  tabes.  This  difference  it 
analogous  to  that  which,  as  already  descubed,  occurs  in  some  varieties  of 
multiple  neuritis.  We  can  indeed  see  the  difference  in  the  eye:  tabetic 
optic  nerve  atrophy,  in  most  cases,  presents  no  sign  of  inflammation,  while  in 
others  the  early  stage  may  be  accompanied  by  distinct  slight  neuritis,  to  be 
seen  with  the  ophthalmoscope.  Secondly,  the  chronic  inflammations,  with  the 
diffuse  limitation,  extending  to  adjacent  structures  irrespective  of  function, 
have  yet  sometimes  a  marked  tendency  to  be  localised  in  structures  of  definite 
function.  Thus  there  is  som*ftinies  diffuse  scleroKis  of  tbe  lateral  pyramidal 
tracts  and  posterior  median  columns,  not  sliarply  limited  to  these,  and  yet  with 
a  correspondence  and  symmetry  not  to  be  overlooked.  Thus  the  two  procesiies 
tend  to  meet;  the  systemic  degeneration  or  sclerosis  to  be  diffuse;  the 
diffuse  inflammation  or  sclerosis  to  be  systemic ;  and  it  is  sometimes  not 
easy  to  say,  from  mere  microscopic  examination,  to  which  class  a  lesion 
belongs.  Lastly,  there  is  a  curious  fact,  which  has  been  stran^ly  overlooked 
although  attention  was  first  called  to  it  by  Charcot — that  inflammation 
may  extend  from  a  primary  lesion  along  a  tract  that  undergoes  secondarr 
degeneration,  but  in  the  opposite  direction  to  that  of  the  degeneration.  It  is 
xeTy  common  for  the  inflammation  at  a  given  place  in  the  oord,  especially  that 
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im$  to  oompreMion,  to  extend  farthest  along  certain  tracts,  irrespective  of  their 
seeondarr  degeneration,  and  in  some  cases  this  extension  occurs  through  a  con- 
nderable  extent  of  the  cord.  An  ascending  inflammation  limited  to  the  pjra- 
nidal  tncts  maj,  for  instance,  be  traced  through  several  segments.  The  fact 
flaggesta  that  the  neuroglial  elements  maj  share  to  some  extent  a  difference 
tbat  obtains  between  the  fibres  of  different  tracts,  and  it  may  easily  lead,  and 
probably  has  led,  to  erroneous  conclusions. 


Softening  of  the  spinal  cord  is  very  common.  Whenever  the  nerre- 
fibres  are  broken  np  into  disconnected  globules  of  myelin,  separated 
bj  serum  in  a  sort  of  emulsion,  the  consistence  of  the  part  is  neces- 
sarily lessened.  Acute  inflammation  always  causes  such  a  breaking 
vpof  the  nerve-flbres,  and  hence  inflammation  always  causes  softening 
is  its  first  effect.  The  separate  particles  are  augmented  by  leucocytes, 
which  escape  abundantly  into  the  tissue.  Ultimately,  connective-tissue 
elements  are  formed,  which  increase  the  consistence,  it  may  be  up  to^ 
and  even  beyond,  the  normal  degree.  In  a  very  chronic  inflammation 
the  formation  of  new  tissue  may  proceed  pari  passu  with  the  destruc- 
Uwe  process,  and  there  may  be  at  no  time  much  diminution  of 
eonsistence.  It  is  in  these  cases  that  it  is  difficult  to  draw  the  line 
between  inflammation  and  degeneration. 

Does  such  softening  of  the  cord  occur  apai-t  from  inflammation  ? 
The  question  is  not  easy  to  answer.  In  the  brain,  necrotic  softening 
is  very  common  as  a  consequence  of  arterial  obstruction — is  indeed 
the  common  form  of  softening.  But  in  the  spinal  cord  we  have  no 
evidence  of  the  occurrence  of  necrotic  softening.  If  embolism  occurs, 
it  is  excessively  rare.  The  course  of  the  vessels  does  not  favour  the 
paasage  of  a  plug  into  them,  while  the  vertical  connection  in  the 
anterior  spinal  and  anastoinotic  arteries  (see  p.  188)  will  prevent 
damage  from  obstruction  in  the  central  system  unless  this  is  situated 
in  the  terminal  vessels  of  the  grey  matter.  Arterial  thrombosis,  due 
to  atheroma  of  the  walls  of  the  vessels,  such  as  is  so  common  in  the 
brain,  probably  does  not  occur  in  the  cord.  The  arteries  are  smaller 
than  those  in  which  atheroma  is  met  with  in  the  brain,  and  the  low- 
nesa  of  the  blood-pressure  within  them  involves  the  absence  of  the 
chief  cause  of  atheroma.  It  is  possible  that  spontaneous  thrombosis 
may  sometimes  set  up  the  changes  that  are  now  regarded  as  those  of 
primary  inflammation  ;  and  such  a  lesion  has  actually  been  met  with, 
but  only  in  isolated  form,  and  we  have  no  evidence  of  its  frequency. 

Besides  the  morbid  processes  to  which  the  cord  itself  is  liable,  it 
Miffers  also  in  consequence  of  disease  outside  it.  It  may  be  com- 
pressed by  growths  springing  from  the  membranes  or  bones,  and  by 
products  of  inflammation  within  the  spinal  canal.  Compression  not 
only  causes  degeneration  of  the  nerve-elements,  but  usually  excites 
actual  inflammation.  This  "  compression-myelitis "  may  attain  a 
degree  and  an  acuteness  out  of  all  proportion  to  the  causal  compres- 
sion.    The  membranes  may  be  the  seat  of  hemorrhage  which  com- 
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presses  the  cord,  or  inflammation  which  irritates  it,  even  when  tbe 
organ  is  not  invaded  in  appreciable  degree. 

The  series  of  recognised  lesions  of  the  spinal  cord,  obvioas  or  micro- 
scopic, does  not  bj  any  means  exhaust  the  list  of  its  morbid  states. 
Changes  maj  occur  in  the  nutrition  of  its  elements  interfering  with 
their  function,  which  are,  and  are  likely  to  remain,  altogether  bejond 
our  means  of  detection.  Such  morbid  states  are  often  called  "  fon^ 
tional  diseases,"  but  when  prolonged  they  are  probably  more  accuratelj 
conceiyed  as  nutritional  diseases  (see  p.  1).  Derangementa  of 
function  that  we  can  regard  as  purely  such  are  few  and  rare.  But 
disturbances  of  function  may  be  due  to  organic  disease  in  some  other 
part  of  the  nervous  system,  and  they  may  also  be  the  result  of  tozio 
agents. 

Lastly,  functional  action  in  all  organs  is  attended  with  increased 
bloo  J-supply ;  and  when  excessive,  the  vascular  disturbance  may  go 
on  to  a  condition  indistinguishable  from  inflammation,  with  escape  of 
leucocytes,  &c.  The  prolonged  experimental  stimulation  of  sensory 
nerves  has  actually  produced  myelitis  in  the  related  portion  of  the 
cord. 

In  connection  with  the  general  pathology  of  diseases  of  the  spinal 
cord,  it  is  important  to  note  certain  general  facts  of  their  causation  :— 
(1)  Neuropathic  disposition, — ^An  inherited  tendency  to  disease  of  the 
nerve-elements,  manifested  by  such  affections  as  epilepsy  and  insanity. 
This  cause  is  chiefly  influential  in  producing  the  structural  and 
nutritional  diseases,  beginning  in  the  nerve-elements,  and  especially, 
among  structural  diseases,  the  **  system -degenerations,"  as  they  are 
called.  (2)  Prolonged  mental  distrese  sometimes  sets  up  degenera^ 
tive  changes  in  some  elements  of  the  cord,  especially  in  persons  who  an 
predisposed  by  (1).  (8)  Injury. — A  severe  concussion  of  the  cord 
may  cause  (a)  instant  grave  damage,  usually  haemorrhage.  Or  (5)  it 
may  cause  no  immediate  effect,  but  symptoms  may  come  on  at  the 
end  of  a  few  days  and  progress  slowly  or  rapidly.  Such  symptoms 
are  usually  due  to  inflammation,  secondary  to  minute  spots  of  injury, 
too  small  to  cause  direct  symptoms.  Lastly  (c),  the  concussion 
sometimes  seems  to  pervert  the  process  of  nutrition  in  the  nerve- 
elements.  Slow  symptoms  of  impaired  function  may  result,  and 
these  may  progress,  until,  after  months  or  years,  there  is  actual 
structural  disease.  (4)  Exposure  to  cold, — Wet  cold  is  especially 
effective.  The  most  frequent  effect  of  a  severe  exposure  ia  acute 
inflammation,  but  habitual  exposure  may  produce  chronic  inflamma- 
tion, or  degenerative  disease.  The  exposure  that  is  effective  may  be 
general,  or  chiefly  of  the  feet  and  legs,  occasionally  of  the  back.  (5) 
Toxic  agents  that  can  act  on  the  cord  are  numerous  and  are  seen  in 
alcoholism  and  lathyrism.  (6)  Other  diseases  may  also  induce 
morbid  changes  in  the  spinal  cord.  The  primary  malady  mny  be  an 
acute  specific  disease,  or  some  more  obscure  blood-atate,  the  predae 
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nature  and  relations  of  which  are  still  undecided.  It  is  probable  that 
certain  blood-states,  due  to  an  organised  virus,  excite  some  forms 
of  inflammation  of  the  cord  and  of  its  membranes,  just  as  it  maj 
cause  inflammation  of  the  peripheral  nerves.  Septicsemia  may  excite 
meningitis,  or  even  abscess  of  the  cord  itself.  Tubercle  is  common 
on  the  membranes,  but  seldom  produces  inflammation.  Diphtheria 
maj  cause  acute  changes  in  the  nerve-cells  and  nerve-roots.  Syphilis 
is  a  very  frequent  cause  of  disease,  and  may  act  in  several  ways. 
The  demonstrated  mechanisms  are  (a)  by  a  syphilitic  growth, 
eompressing  or  invading  the  cord,  and  (b)  by  chronic  syphi- 
litic meningitis,  damaging  the  cord  and  the  nerve-roots.  But  (c) 
acute  and  chronic  inflammations  of  the  cord  are  often  met  with  in 
syphilitic  subjects,  and  have  been  thought  to  be,  in  many  instances, 
of  syphilitic  origin.  It  is  doubtful  whether  they  present  any  syphi- 
litic characters,  i.e.  any  histological  features  by  which  they  differ 
from  non-syphilitic  inflammations.  The  evidence  of  dependence  on 
syphilis  is  stronger  in  the  case  of  chronic  and  subacute  disseminated 
inflammation  than  in  the  case  of  acute  myelitis.  Lastly  (d),  certain 
degenerative  diseases  of  the  cord  are  very  commonly  preceded  by 
■yphilis ;  one  of  them,  locomotor  ataxy,  so  frequently  that  a  causal 
relation  between  the  two  can  scarcely  be  doubted.  But  these  de- 
generative diseases  are  certainly  not  syphilitic  in  nature ;  they  differ 
in  no  respect  from  the  similar  morbid  processes  that  occur  in 
individuals  who  have  not  had  syphilis,  and  are  probably  the  conse- 
quence of  some  virus  left  behind  by  the  morbid  agency  to  which  the 
constitutional  malady  is  due. 

The  outline  just  ^iven  of  the  general  pathology  and  etiology  of 
diseases  of  the  spinal  cord  will  enable  us  to  consider  the  last  element 
in  diagnosis,  the  nature  of  the  lesion.  The  seat  of  the  disease  is 
indicated  by  the  combination  of  symptoms;  its  nature  can  only  be 
determined  by  considering,  separately  and  together,  several  other 
points: — (1)  The  way  in  which  the  symptoms  came  on.  (2)  The 
causes  that  can  be  traced,  taken  in  conjunction  with  the  known  effects 
of  those  causes.  (8)  The  seat  of  the  disease,  taken  in  conjunction 
with  the  known  liability  of  certain  structures  to  certain  lesions.  The 
most  important  of  these  elements  is  the  mode  of  onset,  and  the  other 
indications  should  only  be  used  in  strict  subordination  to  this. 

The  time  occupied  by  the  onset  of  the  disease  is  thus  the  first 
element  in  the  pathological  diagnosis.  By  "  time  of  onset "  is  meant 
the  period  that  elapses  between  the  actual  commencement  of  the 
symptoms  and  their  attainment  of  a  considerable  degree  of  intensity. 
We  may  divide  the  chief  modes  of  onset  into  five  classes,  and 
classify  the  most  common  lesions  in  relation  to  them,  in  the  following 
table: 


236  SPINAL   CORD. 

DiBBAsi.  Onset.  Dibxasil 

Sudden  ^ 

(lew  hours  or  days)        J  ^ 
SuhaouU 

(one  to  six  weeks)  »InflamiDfttion. 

SMhchrofUc 

(six  weeks  to  six  month8)J  1 
Chronic  >  Deg^nerttion. 

^     (more  thHn  six  months)         J 


Pressure  aii<1 
growths 


A  lesIoQ  of  sudden  occurrence,  the  symptoms  deyeloping  in  tbe 
course  of  a  few  minutes,  is  almost  always  vascular,  commonly  bsmor* 
rhage,  sometimes  perhaps  vascular  obstruction.     But  a  vascular  leBioii 
may  occupy  a  somewhat  longer  time  in  development — a  few  hours  or 
days.     In  acute  and  subacute  inflammation  the  symptoms  come  on  in 
the  course  of  a  few  hours,  a  few  days,  or  a  few  weeks.     Subacute  and 
chronic  inflammation  occupies  from  a  few  weeks  to  a  few  months 
Degeneration,  in  which  there  is  no  adequate  evidence  of  any  in  flam* 
matory  process,  occupies  many  months,  or  it  may  be  years.     The  sym- 
ptoms produced  by  tumours  which  invade  or  compress,  and  by  simple 
pressure  (traumatic  causes  excluded)  are  never  sudden  or  very  acute, 
and  rarely  very  chronic,  the  time  occupied  by  the  development  of  the 
symptoms  varying,  according  to  the  nature  of  the  cause,  from  a  fort- 
night  to  six  months. 

It  is  necessary  to  consider,  however,  not  merely  tbe  whole  time 
occupied  by  the  development  of  the  disease,  but  also  the  uniformity 
of  its  course.  Two  or  more  morbid  processes  may  concur.  An  initial 
myelitis,  for  instance,  may  lead  to  a  secondary  degeneration  ;  and,  on 
the  other  hand,  in  degenerated  tissues,  sudden  vascular  lesions 
occasionally  occur.  Pressure  produces  local  myelitis,  which  may  he 
independent  of  the  pressure  in  its  development,  and  have  an  acute  or 
subacute  onset.  Tbe  whole  course  of  the  disease  must  be  ascertained 
before  an  inference  is  drawn,  and  the  possibility  of  a  double  process 
must  always  be  kept  in  view. 

Tbe  onset  and  course  of  the  symptoms  thus  sometimes  enable  us  to 
decide  at  once  that  a  lesion  is  of  a  given  character,  as  that  one  which 
occurs  instantly  is  vascular,  or  that  one  which  takes  years  for  its 
development  is  degenerative.  More  frequently  they  enable  us  to 
exclude  certain  morbid  processes,  and  to  restrict  the  possible  lesioQ 
to  two  or  three  forms.  For  instance,  a  lesion  which  comes  on  in  the 
course  of  a  few  hours  must  be  either  vascular  or  inflammatory. 
Between  these  we  have  to  decide  by  attention  to  other  indications. 

In  actual  diagnosis  it  is  convenient  to  consider  next  the  indication 
afFor«led  by  the  position  and  distribution  of  the  disease.  We  consider 
what  diseases  occur  in  this  situation,  and  then  which  of  them  have 
the  mode  of  onset  that  has  been  ascertained.  This  indication  involves 
a  knowledge  of  the  various  diseases  and  their  seat.  The  most  important 
consideration  is  that  a  wide  range  of  symptoms  of  uniform  character 
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indicates  the  affeotion  of  a  definite  svstem  of  structure,  aud  in  most 
instances  a  disease  commencing  in  the  ner?e-element8,  and  if  the 
onset  be  chronic  we  may  feel  sure  that  it  is  a  degeneration.  On  the 
other  hand,  the  inyolvemeut  of  many  functions  sucrgests  a  random 
process,  such  as  inflammation  or  pressure.  But  this  indication  is 
always  to  be  subordinated  to  the  mode  of  onset.  Thus  the  limitation 
to  a  single  structure  does  not  exclude  inflammation :  this  may  affect, 
for  instance,  the  anterior  grey  matter  only,  and  cause  corresponding 
symptoms. 

The  symptoms  may  indicate  a  morbid  process  limited  to  one  half 
of  the  cord,  but  this  does  not  materially  modify  the  diagnostic  method. 
Almost  any  process  may,  in  rare  cases,  be  thus  limited.  System 
degenerations  and  acute  inflammations  are  least  frequently  unilateral, 
and  they  never  reach  a  considerable  degree  of  intensity  on  one  side 
without  some  affection  of  the  other  side.  On  the  other  hand,  tumours 
and  foci  of  chronic  myelitis  are  often  one-sided,  and  still  more  often 
affect  one  half  of  the  cord  first  and  then  the  other. 

Indication  of  disease  outside  the  cord,  irritation  of  certain  nerve- 
roots,  causing  severe  local  pain,  often  precedes  the  symptoms  of  com- 
pression, and  is  an  important  aid  to  diagnosis.  It  shows  the  existence 
of  a  morbid  process  outside  the  cord  before  the  cord  is  involved.  But 
we  cannot  use  even  this  indication  except  in  dependence  on  the  mode 
of  onset.  A  disease,  as  a  growth  outside  the  cord,  may,  as  we  have 
seen,  not  only  compress  the  cord,  and  cause  slow  loss  of  power ;  it 
may  excite  inflammation  and  cause  rapid  palsy. 

llie  last  element  in  the  pathological  diagnosis  is  the  detection  of 
any  influence  which  can  be  regarded  as  the  cause  of  the  disease  in  the 
spinal  cord,  or  any  associated  condition  which  may  indicate  an  active 
morbid  process.  We  have  seen  that  the  mode  of  onset  may  help  us 
to  limit  the  disease  to  certain  possible  forms  of  lesion  ;  the  distribu- 
tion of  the  affection  may  render  it  probable  that  it  is  one  or  other  of 
these  forms ;  and  the  detection  of  a  cause  and  the  knowledge  of  the 
lesion  that  cause  produces  may  help  us  to  carry  the  diagnosis  still 
further.  The  most  important  general  causes  of  disease  of  the  cord, 
and  the  processes  to  which  they  chiefly  give  rise,  have  been  already 
mentioned.  The  causal  element  in  diagnosis  is  chiefly  an  application 
of  those  facts. 

The  morbid  process  outside  the  spinal  cord  that  most  closely  simu- 
lates its  disease  is,  unquestionably,  parenchymatous  multiple  neuritis. 
The  diagnosis  depends  on  a  thorough  knowledge  of  the  varied  sym- 
ptoms of  the  latter,  since  its  elements  vary  according  to  the  different 
manifestations  of  the  disease  of  the  nerves.  For  these,  and  for  any 
general  diagnostic  principles,  the  reader  is  referred  to  the  account  of 
that  disease. 

The  only  sure  ground  for  diagnosis  is  a  thorough  knowledge  of  the 
various  morbid  processes  and  their  symptoms ;  and  the  only  safe  plan 
IB  to  work  by  these,  from  symptom  to  seat  and  onset  to  nature, 
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treating  every  case  as  a  problem  to  be  worked  out  to  a  definite 
diagnosis,  and  onlj  then  comparing  the  result  with  the  tjpea  of 
disease.  To  one  of  these  the  case  may  or  may  not  conform ;  if  it  doei 
not,  the  comparison  with  types  as  a  means  of  diagnosis  will  onlj 
leave  the  observer  stranded  and  powerless. 

The  distinction  of  functional  and  nutritional  disease  from  organic 
lesions  may  conveniently  be  postponed  until  the  symptoms  of  the 
former  are  specially  described. 


SPECIAL  DISEASES  OF  THE  SPINAL  CORD. 

DISEASES  OF  THE  VERTEBRAL  COLUMN. 

Diseases  of  the  bones  of  the  spine  &.11  for  the  most  part  within  the 
province  of  surgery.  But  there  are  few  of  these  diseases  that  do  not, 
among  their  most  frequent  effects,  interfere  with  the  functions  of  the 
spinal  cord.  Hence  an  account  of  the  diseases  of  the  cord  would  be 
incomplete  without  some  mention  of  the  morbid  states  that  begin  in 
its  bony  case. 


INJURIES   OF  THE  SPINE. 

Injuries  to  the  spinal  column  may  consist  of  punctured  wounds 
(which  need  not  be  considered  here),  concussion  (the  effects  of  which 
on  the  cord  will  be  considered  later),  and  fracture  or  dislocation  of 
the  vertebrsd.  It  may,  however,  be  useful  briefly  to  describe  the  more 
salient  features  of  the  last  two  conditions,  their  relation  to  the  damage 
the  cord  sustains,  and  the  symptoms  thus  produced. 

Dislocation. 

Simple  dislocation  occurs  in  the  cervical  region,  most  frequently  at 
the  fifth  and  sixth  vertebrse.  It  may  take  place  gradually  or  suddenly: 
gradual  displacement  is  always  secondary  to  disease  of  the  bones; 
sudden  displacement  may  occur  in  disease  or  from  injury.  The 
damage  to  the  cord  is  always  greatest  in  traumatic  displacement  of 
healthy  bones,  because  the  force  needed  to  produce  the  dislocation  is 
much  greater,  the  displacement  is  more  considerable,  and  the  effect 
on  the  canal  and  the  contained  cord  is  greater.  Displacement  may 
occur  in  any  direction  :  it  usually  involves  both  vertebral  articulations, 
but,  in  rare  cases,  it  is  oblique,  involving  one  articulation  only.  The 
common  causes  are  violent  blows  or  falls  on  the  head,  rarely  sudden 
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rotatum  of  tlie  nead  while  a  weight  is  carried  upon  it.  The  symptoms 
UB  a  lateral  or  forward  or  backward  displacement  of  the  head,  so 
that  the  chin  is  in  contact  with  the  shoulder  or  the  chest,  or  the 
oeciput  with  the  nape  of  the  neck.  There  is  also  irregularity  of  the 
vertebral  spines,  usually  readily  detected.  The  cord  is  damaged  in 
most  cases,  and  the  symptoms  are  those  of  a  total  transverse  lesion 
in  the  situation  of  the  luxation.  It  may  be  merely  compressed, 
especially  in  cases  of  disease,  in  which  the  displacement  has  occurred 
with  little  force.  The  symptoms  of  paralysis  have  been  known  to 
pass  away,  in  such  a  case,  on  the  reduction'  of  the  dislocation.  More 
commonly  the  cord  is  also  bruised,  with  extravasation  of  blood,  and 
secondary  myelitis  occurs  later.  In  such  cases,  if  the  patients  live, 
there  may  be  anaesthesia  or  hypersssthesia  below  the  lesion,  with  total 
paralysis  of  the  limbs,  and  excess  of  reflex  aotion.  In  rare  instances 
the  cord  has  been  completely  divided.  In  still  rarer  instances  of 
ilight  displacement  it  has  not  been  injured. 

Bupture  of  the  transverse  ligament  which  retains  the  odontoid 
process  may  permit  the  latter  to  compress  the  cord,  and  thus  to  cause 
instant  death.  This  often  results  from  sudden  suspension  by  the 
head,  as  in  criminal  executions.  One  of  the  curiosities  of  surgical 
literature  is  a  case  related  by  Petit  in  which  a  man,  playing  with  a 
neighbour's  child,  lifted  it  up  by  the  head,  and  caused  instant  death 
by  rupturing  the  transverse  ligament.  The  father  of  the  child, 
entering  at  the  moment,  stabbed  the  man  with  a  knife,  the  blade 
of  which  passed  in  between  the  first  and  second  cervical  vertebrae, 
divided  the  spinal  cord,  and  the  man  also  fell  dead.  Bupture  of  the 
ligament  has  al80  resulted  from  raising  a  heavy  weight  with  the 
head.  The  treatment  of  dislocation  is  too  purely  surgical  to  be  de- 
scribed here. 


Fbacturb. 

All  organic  diseases  of  the  bones,  weakening  them,  predispose  to 
fracture.  Among  these,  one  is  of  special  medical  interest ;  the  ver- 
tebrse,  especially  in  the  lumbar  region,  may  share  the  rarefaction  and 
weakening  of  the  osseous  tissues  occasionally  produced  in  tabes,  and 
then  a  very  slight  traumatic  influence,  a  blow  or  wrench,  may  cause 
fracture.  The  force  needed  is  often  so  slight  as  to  fail  to  cause  dis- 
placement or  other  symptoms  except  local  pain,  and  symptoms  may 
only  supervene  at  a  somewhat  later  date.  Apart  from  disease,  the 
accident  is  most  common  in  adults,  the  greater  elasticity  of  the  verte- 
bral column  in  children  giving  to  tbem  a  comparative  immunity.  Its 
cause  is  a  blow  or  fall  on  the  spine,  or  sudden  forcible  flexion.  In 
extremely  rare  cases  a  fracture,  usually  slight,  has  resulted  from  a 
severe  muscular  exertion.  This  is  an  important  fact,  showing  that 
muscular  exertion  may  injure  the  spine,  and  may  lead  to  symptoms 
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at  a  later  date.     Symptoms  of  such  iajurj,  in  slight  degree,  are  not 
uncomtnoa. 

Fracture  ma;  occur  at  any  part  of  the  spiDe,  but  is  moat  fre<;ueiit 
at  the  fifth  or  aizth  cervicat,  and  at  the  last  dorsal  or  &nt  lumbar 
vertebra.  In  the  dorsal  and  lumbar  regioua,  the  bodies  are  htoita 
in  two  thirds  of  the  cases,  bat  in  the  cervical  region,  the  arches  alone 
are  fractured  in  one  half.  Usuallv  there  is  3.  diBplacement  of  the 
vertebral  column  at  the  seat  of  fracture.  Karel;  the  bodies  maj  be 
crushed  without  displacement,  Tbe  displacement  of  the  bone  inTuhei 
a  narrowing  of  the  canal  and,  usually,  compressioQ  of  the  cord.  Hit 
maf  also  result  when  the  arches  onlj  are  driven  in.  But  the  cord 
may  be  seriously  damaged  when  there  is  no  permanent  narrowing  o{ 
the  canal,  as  in  Figs.  85  and  86.    The  dura  mater  is  rarely  torn  except 


Flo.  B5. — Fnctare  or  the  flnt  lumbar  Tfrtabra.  s  K.  Dan  mater,  TWa 
wu  no  permBnent  narrowinf;  of  the  (wnal,  bat,  nerertbdun.  the  ifnual 
cord  na*  greall;  damaged  »t  the  apot)  ■•aneit  flgnra. 


by  a  splinter.  Blood  is  almost  always  extravaaated  ontdde  the  dara 
mater,  often  in  considerable  quantity,  from  the  rupture  of  the  large 
veins  in  this  situation.  There  are  usu&Uy  only  small  extravasationi 
in  the  pia  mater.  The  cord  is,  in  most  eases,  bruiaed  and  compressed 
by  the  lower  fr^ment  (Fig.  87).  Sometimes  it  is  flattened,  and  it 
niay  even  be  divided,  all  nerve-substance  being  equeeced  out  of  the 
pia-matral  sheath  at  the  spot.  In  the  case  shown  in  Figs.' 85  and  86 
the  cord  appeared  to  have  been  split  longitudinally  at  the  spot,  per- 
haps by  the  nerve-force  of  the  concussion.  It  is  very  common  to  have 
local  myelitis,  opposite  the  fracture,  without  any  permanent  narrowing 
of  the  canal  or  compression  of  the  cord,  the  inflammation  seems  to  be 
the  direct  result  oF  the  concussion.  Blood  may  be  eitravasated  into 
the  bruised  part,  Bometimes  in  minute  spots,  sometimes  in  larger 
bEemnrrhages,  and  even  into  the  central  canal.  These  changes  ore 
Qsually  limited  to  the  spot  directly  damaged,  bnt  secondary  myditii 
may  be  set  up,  and  sometimes  extends  beyond  the  contused  area.    It 
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Fl«.  86.  Fi».  87. 


Fia.  86. — Splnki  rord  dimigsd  bj  the  fnctara  ihown  in  Fig'.  S5.  Th*  glamcnt* 
«f  thceorditoetf  ■nohBiigsd  bevondtliepo«ibilitj  of  idiDliflcuUon.  Tbe  uosading 
d«c*Dm>tion  i(  ihomi  io  F%.  74. 

Fis.  87.  — Fraotot*  of  Um  bodj  of  the  SlUi  doml  Tertabn  kcd  of  iti  iinirmiw. 
(AfUr  UarlL) 

uuj  eren  exteod  through  the  whole  length  of  the  cord  below  th«  in- 
jaij,  and  then  ita  central  functions  are  abolished  (see  p.  228).  In  cases 
of  aome  duration  the  nsnal  ascending  and  descending  Bocondarj  d«- 
generations  are  also  found.  It  is  important  to  note,  moreover,  that 
tha  seoondar/  degenerations  have  sometimes  the  irritative  character 
■Ireadj  described  (p.  229,  turfs),  and  tbat  an  ascending  infiamniatioii 
may  for  a  short  distance  above  the  lesion  be  limited  to  a  tract  that 
d^neratea  downwards  (see  p.  232).  Fig.  74,  p.  177,  represents 
sections  of  the  cord  from  the  case  of  fracture  figured  above.  Occa- 
sionally the  injury  leads  to  secondary  caries  of  the  bone,  with  all  its 
oonsequences. 

Stmptohs. — Three  classes  of  symptoms  result.  (1)  The  local  indioa- 
tioDB  of  the  injury  to  the  spine.  (2)  There  maj  be  certain  nervous 
symptoms  not  disttuctly  due  to  the  damage  to  the  cord.  One  of  these 
ia  general  shock,  which  maj  be  so  great  as  to  entail  transient  loss  at 
eonsdouBnees.  Vomitine  occasionally  occurs.  Tbere  is  great  pain  in 
the  position  of  the  fracture,  rendered  very  intense  by  pressure,  and 
often  radittting  along  the  nerves  which  come  from  this  part,  the  roots 
of  which  are  compressed.  In  rare  cases  epileptiform  convulsions  bave 
followed  fracture,  usually  at  an  interval  of  some  days. 

(3)  Symptoms  which  result  from  the  damage  to  the  cord,  and  con- 
sist in  paralysis  of  the  parts  below  the  injury.  Its  character  depends 
on  tbe  amount  of  damage.  If  this  is  considerable,  there  is  both 
motor  and  sensory  paralysis  up  to  the  level  of  the  lesion,  with  loss  of 
power  over  the  spbincten.  Befiex  action  is  lost  at  the  level  of  the 
lesion,  and  the  examination  of  the  trunk-reflexes  often  gives  important 
VOL.  1.  16 
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information  regarding  tbe  extent  of  the  damage,  when  this  is  in  the 
dorsal  region.  Below,  reflex  action  is  commonly  in  excess,  unless  the 
centres  are  impaired  by  descending  myelitis.  Spasmodic  twitching! 
sometimes  occur  in  the  limbs  immediately  after  the  injury,  accom- 
panied  by  priapism.  The  pains  are  severe  in  the  arms  when  the 
fracture  is  opposite  the  cervical  enlargement,  and  in  the  legs  when  at 
or  below  the  lumbar  enlargement,  so  as  to  damage  the  nerye-roots.  In 
these  cases  there  may  be  rapid  wasting  of  the  muscles,  with  loss  of 
electric  irritability.  There  is  usually  at  first  incontinence,  afterwards 
retention  of  urine,  but  the  former  is  persistent  if  the  lumbar  centres 
are  damaged.  Cystitis,  bedsores,  &c.,  may  supervene.  Ultimately, 
if  the  damage  is  above  the  lumbar  enlargement  and  the  patient  hves, 
there  may  be  increased  myotatic  irritability  in  the  limbs,  progressing 
to  spasm,  so  that  spastic  paraplegia  results. 

Special  symptoms  result  when  the  injury  is  in  certain  parts  of  the 
spine.  Fracture  of  the  first  two  cervical  veriebrm  causes  instant  death, 
unless  the  displacement  is  very  slight,  and  even  then  there  is  imminent 
danger  of  further  displacement,  with  the  most  serious  consequences, 
on  any  incautious  voluntary  movement.  With  slight  displacement 
persons  have  been  known  to  live  for  weeks,  and  then  die  from  secon- 
dary myelitis ;  they  have  even  recovered  altogether.  Now  and  then 
there  is  no  compression  of  the  cord,  although  there  is  distinct  displace- 
ment, eyen  sufficient  to  be  recognised  in  the  pharynx  (Ley den).  Iq 
such  a  case  death  has  resulted  at  a  later  period  from  caries.  The 
characteristic  symptoms  are  local  pain,  increased  by  all  moyements 
(which  are  rendered  almost  impossible),  displacement,  and  spinal 
symptoms.  The  latter  may  be  slight — merely  difficulty  in  breathing 
or  swallowing — or  considerable,  and  involving  the  trunk  and  limhs. 
Sometimes  there  is  hyperpyrexia.  Not  more  than  one  case  in  fifty 
recovers. 

Middle  Cervical  Verlehrse. — The  third,  fourth,  and  fifth  vertebneare 
most  frequently  fractured.  When  the  injury  to  the  cord  is  consider- 
able, death  usually  occurs  very  rapidly,  because  the  roots  of  the 
phrenic  nerve  are  involved,  the  intercostals  being  necessarily  paralysed 
with  the  parts  below.  In  some  cases  there  is  little  immediate  displace- 
ment, and  the  symptoms  are  slight  until  further  displacement  occurs 
in  some  movement.  Thus  a  man  who  had  met  with  an  injury  of  this 
kind  went  to  be  shaved ;  during  the  proceeding,  his  head  was  turned  on 
one  side  by  the  barber,  with  the  unexpected  result  of  causing  displace- 
ment of  the  fracture,  and  immediate  death.  When  the  fracture  is  at 
the  eervicO'dorsal  region,  opposite  the  lower  part  of  the  cervical  en- 
largement, the  arms  frequently  escape  at  first,  the  early  paralysis 
being  confined  to  the  legs  and  muscles  of  the  trunk.  Respiration  is 
diaphragmatic  only.  After  a  few  days  the  arms  become  involved,  bat 
their  paralysis  is  often  partial,  affecting,  for  instance,  only  certain 
muscles,  as  the  extensors  of  the  hand,  and  it  is  often  accompanied  by 
local  spasmodic  movements.     Movements  and  pressure  cause  pain. 
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and  there  is  local  musoular  rigiditj.  The  head  maj  be  in  normal  or 
in  abnormal  position.  Yaao-motor  distorbanoe  in  the  face  and  general 
hjperpjrexia  hare  been  obserred. 

In  fracture  of  the  dorsal  vertebrm  (2 — ^11)  the  arms  escape,  the  legs 
are  paralysed,  and  the  truuk-muscles  up  to  the  height  of  the  lesion. 
The  pain  in  the  trunk  maj  be  very  severe.  There  is  hyperssthesia  or 
anesthesia  in  the  parts  below.  The  reflex  action  in  the  legs  is  exces- 
sive ;  that  in  the  trunk  is  abolished  at  the  level  of  the  lesion.  Tbe 
Uui  danal  and  first  lumbar  vertebra  are  fractured  more  freqaentlj 
than  tbe  others,  and  there  result  paralysis  of  the  legs,  complete  or 
irregular,  severe  pains,  tingling,  &c.,  sometimes  followed  by  hjper- 
estheaia  or  loss  of  sensibility,  and  by  rapid  disturbance  of  nutrition, 
in  both  the  muscles  and  the  skin.  In  fracture  of  the  lower  lumbar 
vmiebrm  the  symptoms  are  often  slight ;  below  tbe  extremity  of  the 
cord  the  nerves  occupy  a  smaller  space  in  the  canal,  and  so  may  escape 
compression  by  a  moderate  displacement.  If  they  suffer,  tbe  fractured 
vertebrsB  unite  very  slowly.  A  false  joiut  is  occasionally  formed. 
Secondary  myelitis  and  its  consequences  are  frequent  causes  of  death 
at  a  Tariable  period  after  the  injury. 
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Caries  of  the  bones  of  the  spine  is  a  frequent  cause  of  paraplegia. 
It  is  often  termed  "  Pott's  disease,*'  from  the  English  surgeon,  Percival 
Pott,  who  first  described  it  (in  1779)  as  a  cause  of  paralysis. 

Causss. — Males  are  said  to  be  rather  more  liable  than  females,  but 
the  difference  in  sexual  incidence  is  not  great.  It  is  more  common  in 
childhood  (after  three),  and  next  in  early  adult  life,  but  it  may  occur 
at  any  age,  and  is  perhaps  more  common  in  the  second  half  of  life  than 
any  other  scrofulous  lesion.  I  have  known  it  commence  at  fifty,  and 
it  has  been  met  with  as  late  as  seventy.  It  is  distinctly  a  manifesta- 
tion of  the  tubercular  and  scrofulous  diathesis,  and  evidence  of  such 
inheritance  is  to  be  traced  in  most  cases.  Occasionally  the  sufferer 
himself  presents  such  indications,  lung  disease,  &c.,  or  caries  of  other 
bones.  It  occasionally  develops  simultaneously  with  other  signs  of 
acute  general  tuberculosis.  Injuries  seem  frequently  to  excite  the 
bone  mischief  in  the  spine,  as  they  certainly  do  analogous  bone  dis- 
ease elsewhere,  in  those  who  are  predisposed ;  possibly,  sometimes,  in 
healthy  persons.  Falls,  blows  on  the  back,  and  severe  strains  are  the 
most  frequent  traumatic  antecedents.  Tbe  last  may  act  by  straining 
the  ligaments  and  setting  up  Inflammation,  which  spreads  to  the  bones 
directly  or  through  the  invertebral  cartilages.  Tbere  is  usually  an 
interval,  sometimes  of  many  months,  between  the  injury  and  the 
definite  symptoms  of  bone  disease. 
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Other  causes  besides  scrofulous  disease  have  occasionally  beeo 
known  to  cause  breaking  down  of  the  bodies  of  the  vertebrse  with 
angular  curvature  and  all  its  consequences.  Soft  growths  in  the 
spine,  and,  in  rare  cases,  syphilitic  formations  have  had  the  same 
effect.  Osteitis,  due  to  extension  from  adjacent  inflammation,  is 
a  rare  cause;  thus  caries  of  the  cerrical  spine  has  been  secoQ. 
dary  to  a  primary  retro- pharyngeal  abscess.  The  disease  sometimes 
follows  septicaemia,  probably  in  consequence  of  a  secondary  septicemic 
abscess  in  the  bone.  This  was  the  case  in  a  surgeon  about  Mitj 
years  of  age,  in  whom  symptoms  of  blood-poisoning  followed  an 
injury  to  the  ankle.  They  were  succeeded  by  paraplegia  of  rapid 
onset,  and  this  by  the  development  of  angular  curvature  in  the 
lower  dorsal  region.  In  a  large  number  of  cases  no  exciting  cause  can 
be  traced. 

PATHOLoaiOAL  Anatomy. — The  changes  in  the  bones  need  not 
detain  us,  since  they  belong  to  surgical  pathology,  except  in  so  far  as 
they  lead  to  damage  to  the  cord.  There  is  inflammation  of  the  bodies 
of  the  vertebrsB,  and  of  the  intervertebral  substance,  often  at  first  with 
enlargement,  afterwards  with  breaking  down  of  the  substance  of  the 
bone,  which  gives  way  under  the  pressure  to  which  it  is  exposed,  8o 
that  deformity  of  the  spine  results.  Products  of  inflammation  and 
destruction  of  tissue,  more  or  less  purulent  in  character,  accumulate 
either  inside  the  canal  or  outside  the  vertebral  column.  In  the  latter 
situation  they  are  increased  in  quantity  by  the  inflammation  thej 
excite  and  the  well-known  forms  of  abscess  result. 

Within  the  canal  the  inflammatory  products  have  a  firmer  con- 
sistence. Although  the  inflammation  extends  to  the  loose  cellular  and 
adipose  tissue  between  the  bone  and  the  dura  mater,  and  often  to  the 
dura  mater  itself,  it  has  little  tendency  to  spread  as  a  purulent  menin- 
gitis, or  even  to  penetrate  the  dura  mater,  the  outer  layer  of  which 
becomes  irregularly  thickened  in  the  nei;;hbourhood  of  the  disease 
(see  Fig.  89),  while  the  inner  surface  of  the  membrane  remains  normaL 
The  firm  consistence  of  the  inflaramatorv  products,  often  caseous  in 
character,  is  an  important  pathological  feature,  because  this  material 
is  so  often  the  agent  by  which  the  cord  is  compressed. 

The  displacement  that  results  from  the  disease  varies  according  to 
the  extent  and  character  of  the  disease.  Occasionally  there  is  simply 
a  lateral  displacement — one  spine  is  a  little  to  one  side  of  that  abo?e 
it.  More  commonly  the  collapse  of  the  bodies  leads  to  **  angular 
curvature,"  the  spinal  column  is  bent  forwards  at  an  acute  angle,  and 
one  or  two  vertebral  spines  are  much  more  prominent  than  the  others. 
There  is  often,  however,  a  less  abrupt  bend ;  the  curvature  may  ex- 
tend over  four  or  five  vertebrse.  Less  commonly  one  spine  projects 
more  than  the  others  within  any  cui*vature. 

The  nerves,  as  they  pass  through  the  membranes  and  intervertebral 
foramina,  are  irritated  by  the  inflammation,  and  often  compressed  by 
the  thickening  of  the  dura  mater  which  sheaths  them  by  the  bone, 
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Uid  those  passing  bj  the  seat  of  compreaaion  mar  also  auStr  from 
the  a&rrowiag  of  the  canal  Thej  ma;  be  found  red  and  swollen,  oi 
■hninken  and  grej.  Tbej  maj  be  damaged  when  the  cord  is 
normal,  or  bat  little  affected  when  this  is  compressed. 

The  damage  to  the  $pinal  cord  depends  on  the  secondarj  eonse- 
fQenoea  or  the  caries,  and  is  rariable  and  uncertain  in  both  occurrence 
tnd  character.  The  mechanism  of  the  damage  is  twofold — comproBBion 
and  iuflunmation.  Tbe  relation  between  the  two  is  conaidered  more 
f  uUt  in  a  subsequent  chapter  ("  Compression  of  tbe  Spinal  Cord  ") . 
Slow  oompresaion  ma;  be  attended  by  chronic  inflammation,  eecon- 
dar;  not  onl;  in  character  but  in  course,  or  b;  au  acute  inflammation 
out  of  proportion  to  tbe  com> 
presidon,  alike  in  degree  of 
■everitj  and  io  rapidity  of 
developmeDt.  It  ia  important 
to  rec<^iii3e  these  differences. 
The  mechaniam  of  coiupreaaion 
Tuiefl.  The  most  frequent  is 
the  collection  of  inflammatory 
products  outside  the  dura  mater 
and  the  thickening  of  this  mom- 
brane.  Leaa  commonly  the  cord 
is  compressed  by  tbe  displace- 
ment of  the  bone,  or  by  frng- 
menta  of  bone  that  are  pushed 
into  the  canal.  Often  both  tbeso 
causes  are  influential,  as  in  the 
case  ahowD  in  Fig.  88,  in  which 
the  compression  (at  s)  is  between 
displaced  bone  in  front  and  in- 
flammatory products  (s)  behind. 
Frob.ihly  an  inflammatory  swell- 
ing or  abscess  of  the  bone  f 
sometimes  the  mechanism  of 
compression,  since  the  signs  of 
pressure  have  disappeared  when 
an  abscess  has  formed  outside 
thespine,0Teren  when  deformity 
has  come  on — the  breaking  down 
of  the  bodies  hanng  relieved  the  compression  produced  by  their 
enlargement. 

Stkftoks.— Cariea  of  the  spine  causes  symptoms  of  three  classes  •• 
(1)  those  of  the  bone  disease ;  (2)  the  effects  of  damage  to  the  nerve- 
roota;  (3)  those  due  to  the  changes  in  the  cord  itself.  Ouly  the 
■ymptoms  due  to  the  damage  to  nerves  and  cord  come  within  the 
special  proTince  of  this  book,  but  the  bone  symptoms  are  of  much  im- 
purtance,  as  on  them  the  diagnosis  of  the  cause  of  the  nervous  sy  mptoma 
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often  depends.  It  is  this  which  gives  the  subject  its  high  medical 
importance,  and  brings  the  symptoms  and  recognition  of  bone  disease 
into  the  province  of  practictil  nedicine. 

Symptoms  of  Bone  Disease, — The  first  is  pain  in  the  spine,  chieflj 
felt    at    the  affected  spot,  increased  bj   movement,  and  especially 
bj  pressure  on  the  bone.     The  local  tenderness  is  a  veiy  important 
sign.     It  is  elicited  both  bj  direct  pressure  on  the  spine  and  bj  lateral 
pressure ;  if  they  are  grasped  and  pressed  to  one  side  considerable 
pain  is  usually  produced.     Nevertheless  tenderness  is  occasionally 
absent,  not  only  in  cases  of  slight  character  and  doubtful  nature,  but  also 
iu  which  paraplegia  has  come  on  some  time  after  local  curvature.     The 
increase  of  pain  by  movement  is  greatest  when  the  disease  is  in  the 
more  mobile  parts  of  the  vertebral  column,  especially  when  it  is  in 
the  cervical  region.     Movement  of  the  head  occasions  pain,  and  there--^ 
is  an  instinctive  fixation  of  the  head,  which  is  sometimes  inclined 
right  or  left,  less  commonly  backwards.     It  may  thus  produce  th 
aspect  of  torticollis,  which  differs  from  that  due  to  muscular  contrac*.^ 
tion,  in  that  the  stemo-mastoid  is  tense  on  the  side  towards  which  th^ 
head  is  turned,  the  muscle  being  simply  stretched  by  the  deviation  o^ 
the  head. 

The  deformity  of  the  spine  is  a  later  symptom  than  the  tenderness, 
and  usually  comes  on  gradually.  Its  characters  have  been  already 
described.  It  is  often  absent  when  the  disease  is  in  the  cervical 
region.  In  this  part  there  is  usually  another  symptom — thickening  of 
the  tissues  about  the  spine,  which  is  rare  in  other  parts.  In  any 
region  an  abscess  may  form  in  the  neighbourhood  of  the  disease. 
Those  which  come  backwards,  or  descend  to  the  groin  bj  the  psoas 
muscle,  can  be  recognised  externally.  Those  that  form  in  front  of  the 
diseased  vertebrs  may  give  rise  to  symptoms  that  are  puzzling,  if  the 
existence  of  spinal  caries  is  not  known.  Thus  a  retro-pharyngeal 
abscess  may  cause  difficulty  of  deglutition,  and  one  in  the  dorsal 
region  may  cause  symptoms  of  oesophageal  obstruction. 

Increased  pain  and  tenderness  in  the  vertebral  column  often 
precede  the  indications  of  damage  to  its  contents.  The  symptoms  due 
to  interference  with  the  nerve'roots  are  very  variable,  and  may  be  severe 
or  absent ;  usual  ly  they  are  moderate  in  degree,  and  consist  of  motor  pain 
along  the  course  and  in  the  distribution  of  the  nerves  that  emerge  at  the 
affected  region,  often  hypersBsthesia  of  corresponding  extent,  sometimes 
with  spots  of  ansBsthesia.  There  is  also  muscular  weakness  and  some* 
times  muscular  wasting.  These  symptoms  are  more  fully  described  in 
the  chapter  on  ''  Slow  Compression."  Here  it  may  suffice  to  say  that 
they  are  conspicuous  only  in  the  minority  of  the  cases,  and  chieflj  occur 
when  there  is  pachymeningitis.  The  motor  symptoms  are  most  marked 
when  the  disease  is  in  the  cervical  region,  and  the  nerve-roots  for  the 
muscles  of  the  arms  are  damaged,  since  slight  and  limited  impairment 
is  more  readily  recognised  in  the  arms  than  in  the  trunk.  If  the  disease 
is  in  the  highest  part  of  this  region,  the  pains  may  be  referred  to  the 
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oociput.  Herpes  loster  has  been  occasionallj  met  with  along  the 
eaiine  of  the  irritated  nenres.  Spasmodic  contraction  in  the  muscles 
■applied  by  the  affected  roots  is  extremely  rare  in  cases  of  caries. 
Reflex  action  is  abolished  in  the  affected  parts,  and  the  change  in  the 
luperficial  reflexes  of  the  trunk  sometimes  gives  important  diagnostic 
information.  Disease  of  the  lower  cervical  roots  maj  cause  symptoms 
of  deranged  action  of  the  sympathetic  on  that  side  of  the  bead,  occa- 
sionally shown  in  the  pupil,  more  often  in  the  vessels.  I  have  seen 
persistent  sweating  on  one  half  of  the  forehead  from  this  cause. 

The  symptoms  of  interference  with  the  functions  of  the  spinal  cord 
itself  are  chiefly  due  to  impairment  of  its  conducting  power,  causing 
paralysis  below  the  lesion.  As  the  disease  is  most  frequently  in 
some  part  of  the  dorsal  region,  paralysis  of  the  legs  is  the  common 
effect.  But  the  symptoms  vary  in  their  characters,  according  not  only 
to  the  position  of  the  disease,  but  also  to  the  immediate  process  of 
damage  to  the  cord.  The  signs  of  caries  may  have  existed  for  years 
before  paralysis  comes  on.  Angular  curvature  may  even  come  on  in 
early  childhood,  and  paralysis  not  till  adult  life.  More  commonly  the 
interval  between  the  two  is  not  long,  varying  from  a  few  months  to  one 
or  two  years,  but  either  may  first  be  conspicuous.  The  cases  are 
nnmerous  in  which  caries  is  not  suspected  nntil  the  paralysis  leads  to 
an  examination  of  the  spine,  and  it  is  not  uncommon  for  the  signs  of 
bone  disease  to  remain  equivocal  for  some  time  after  paraplegia  has 
developed. 

The  cord  symptoms  vary  much  in  their  mode  of  onset.  Usually 
there  is  no  exciting  cause,  but  sometimes  a  strain  of  tbe  back  or  ex- 
posure to  cold  seems  to  excite  a  change  in  the  condition  of  the  bones, 
in  consequence  of  which  the  cord  suffers.  It  is  easy  to  conceive  that, 
when  the  conditions  are  favorable,  a  very  slight  strain  may  be  effec- 
tive, even  as  slight  as  the  sneezing  in  the  case  mentioned  below. 
When  the  cord  symptoms  have  commenced,  they  may  develop  quickly 
or  slowly.  As  instances  of  chronic  onset  may  be  mentioned  cases  in 
which  the  symptoms  reached  a  considerable  degree  of  intensity  at  the 
end  of  nine  months,  four  months,  and  two  months,  after  their  com- 
mencement. But  the  onset  is  sometimes  much  more  rapid ;  in  one 
ease  there  was  complete  paraplegia  at  the  end  of  three  weeks.  Some- 
times it  is  still  more  acute,  and  in  such  cases,  when  there  is  no  corre- 
sponding change  in  the  bone,  acute  myelitis  set  up  by  slight  pres- 
sure is  probably  the  mechanism  by  which  the  cord  suffers.  Thus, 
in  one  patient,  a  child  of  three,  slight  weakness  existed  for  three 
weeks,  and  then  the  power  of  standing  was  lost  in  a  single  night.  In 
another  child,  aged  eight,  who  had  presented  for  two  years  indications 
of  disease  of  the  cervical  vertebrse,  the  power  of  moving  the  legs  was 
lost  in  the  course  of  twenty. four  hours  ;  during  the  second  day  the 
left  arm  became  paralysed,  and,  at  the  end  of  a  week,  the  right  arm. 
Very  rarely  the  onset  is  instantaneous,  probably  from  sudden  dis- 
placement.     A  child  with  angular  curvature  was  walking  across  the 
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room,  when  she  fell,  and  on  being  lifted  up  the  legs  were 
The  more  rapidly  compression  occure,  the  alighler  U  the 
necessarj  to  abolish  conduction. 

Both  legs  usually  suffer  together ;  mrely  one  ia  paralysed  before 
the  olher;  very  rarely  one  leg  suffers  muuh  and  the  other  little 
at  all.  Thus  in  one  caae  angular  cui-vature  developed  in  childboid  ; 
at  sixteen  there  was  an  attark  of  rreakni^sa  in  the  legs,  which  passed 
away  at  the  end  of  three  weeks.  At  17}  the  patient  sprained  his  back  t 
]>ain  in  it  followed,  and  sii  wet-ks  later  the  right  leg  gradually  became 
weak,  and  a  year  afterwards  presented  iuiense  spastic  paralysis,  the 
left  leg  being  very  little  affected.  He  ultimately  recoverid.  An 
instance  in  which  one  leg  bt^carae  affected  before  the  other  is  that  of 
a  woman,  forty-fire  yeara  of  age.  who  suflered  from  pain  in  the  spine, 
and  one  day,  when  walking,  sneezed  violently  three  times,  and  imme- 
diately felt  '■  pins  and  needles  "  about  the  right  knee,  and  presently  in 
the  foot.  The  It-g  became  almost  powerless  during  the  next  three 
days.  A  fortnight  afterwards  she  felt  similHr  tingling  in  the  left  knee, 
and  at  the  eud  of  another  week  iu  the  foot,  and  during  the  neit 
three  weeks  this  also  lost  power,  so  that  at  the  end  of  six  weeks  from 
the  onset  Loth  legs  were  motionless.  The  dioguosie  was  verified  on 
her  death,  six  mouths  later. 

The  characters  of  the  paralysis  in  relation  to  the  seat  of  the  disease 
are  described  in  the  ohupter  on  "  Compression."  In  the  most  frequent 
cHses  the  dorsal  cord  is  damaged,  and  wheoever  the  compression  is 
above  the  lumbar  enlargement  the  condition  of  the  legs  is  that  of 
"apastie  para[>legia."  If  it  is  situated  in  the  cervical  region  there 
may  be  muscular  atrophy  in  the  arms,  sometimes  combined  with 
palsy  without  atrophy,  according  to  the  seat  of  the  disease.  When, 
as  is  commonly  the  case,  tbe  arms  suffer  from  damage  to  the  nerve- 
roots,  they  suffer  before  the  legs,  but  if  the  disease  ia  so  high  up 
that  the  arms  suffer  from  the  damage  to  the  cord,  the  legs  may  be 
liaralysed  before  the  arms,  as  in  the  case  of  the  child  mentioned  nbova. 
In  this  case  the  uiUBcles  of  the  shoulder  were  wasted,  the  diseasa 
being  at  the  level  of  their  nerves,  while  the  forearm  muscles  wet*  not 
wasted.  In  this  case,  as  in  others  of  similar  seat,  the  diaphragm  waa 
paralysed.  The  muscular  part  of  the  spinal  acceasory  may  be  in- 
volved, and  the  iio«er  of  supporting  the  head  muy  be  almost  loaU 
Very  rarely,  from  1  he  disease  of  the  highest  cervical  vertebra,  other 
nrTves  of  the  medulla  are  implifated,  especially  the  Lypugloasal  and 
the  fibres  of  the  spinal  accessory  for  the  palate. 

Sensory  symptoms  due  to  the  disease  of  the  cord  are  less  common  than 
motor  palsy.  The  onset  of  paraplecia  may  be  preceded  by  subjective 
sensations  in  the  legs.  Dull  aching  pain  in  them  is  also  not  uncommon. 
Often  there  is  no  loss  of  sensation;  in  other  cases  thera  are 
various  degrees  of  loss.  Touch  or  pain  may  be  impaired  alone,  or 
there  may  l^e  absolute  loss  of  aenaibility  up  to  the  level  of  the  lenos. 
Partial  hiss  is  tiiure  common.     Reflex  action  in  all  forma  is  exceMitVi 
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(unless  the  disease  involves  tbe  lumbar  enlargement),  and  great  excess 
of  the  8U]>erficial  reflex  action  is  a  common  and  important  feature. 
The  legs  are  often  cold,  and  sometimes  perspire  continuallj.  The 
sphincters  are  often  affected,  sometimes  early,  but  thej  maj  escape 
even  where  there  is  complete  motor  palsy  of  tbe  legs. 

ComplieaUom. — Among  common  complications  are  bedsores,  cystitis, 
Tarious  secondary  effects  of  the  bone  disease,  such  as  abscess,  local 
scrofulous  disease  elsewhere,  and  general  tuberculosis.  Tubercular 
tumours  in  the  brain  occasionally  coincide  with  the  caries.  In 
Tery  severe  cases  peculiar  secondary  mischief  has  occurred  in  tbe 
spinal  cord,  and  has  run  an  independent  course,  giving  rise  to  very 
mnomalous  symptoms.*  Thus  a  descending  myelitis  may  invade  tbe 
lumbar  enlargement  in  its  entirety  and  abolish  its  central  and  reflex 
functions,  causing  rapid  wasting  of  tbe  muscles  and  acute  trophic 
changes  in  the  skin.  Inflammation  may  ascend  the  pyramidal  tracts 
and  thus  pai-alyse  the  arms — an  instance  of  the  strange  limitation 
of  inflammation  to  functional  tracts  when  it  passes  in  a  direction 
opposite  to  secondary  degeneration.  Ascending  degeneration  of 
the  posterior  median  columns  may  spread  to  tbe  postero-extemal 
columns,  and  cause  symptoms  of  ataxy  by  invading  root-fibres  at  a 
higher  level.  Ataxy  may  come  on  as  the  power  returns,  wben  the 
dissease  is  in  the  dorsal  region,  probably  by  damage  to  tbe  path  from 
the  muscles  to  the  cerebellum.  Lastly,  myelitis  may  occur  in  dis- 
seminated foci  in  various  parts  of  tbe  cord,  and  even  in  the  medulla, 
giving  rise  to  scattered  symptoms  of  anomalous  character. 

Ccurie. — The  bone  disease  may  heal,  union  occurring  between  tbe 
altered  tissue,  or  it  may  persist  with  continued  formation  of  pus,  or 
may  become  quiescent  with  occasional  periods  of  renewed  activity. 
The  cord  mischief  is  influenced  by  the  state  of  the  bone  disease,  al- 
though its  progress  may  be  to  some  extent  independent.  Thus  in- 
flammation in  the  cord,  in  excess  of  the  compression,  may  subside  in 
spite  of  the  continuance  of  the  bone  mischief.  Pressure  on  the  cord 
may  be  relieved,  although  tbe  bone  disease  continues,  and  even  some- 
times as  a  result  of  the  increased  breaking  down  of  bone  and  exit  of 
pus  by  another  channel.  A  case  is  mentioned  below  in  which  para- 
plegia passed  away  as  angular  curvature  developed.  Hence,  there  is 
no  strict  correspondence  between  tbe  course  of  the  bone  mischief  and 
that  of  the  cord  disease.  In  some  cases  the  paralysis,  motor  and 
sensory,  persists.  More  often  the  sensory  loss  passes  away,  while 
motor  paralysis  remains,  usually  as  spastic  paraplegia,  and,  in  severe 
cases,  fli'xor  spasm  comes  on  with  muscular  contractions.  Life  may 
be  prolonp^ed  in  that  condition  for  years,  but  often,  in  such  cases, 
bedsores  form,  or  cystitis  leads  to  kidney  disease,  or  other  tubercular 
disease  develops  and  leads  to  death,  or  the  lessened  respiratory  power 
renders  an  attack  of  bronchitis  fatal.  In  many  cases,  again,  tbe  para- 
lysis gradually  passes  away  even  when  the  compression  continues,  and 

*  S«e  Charcot,  '  L^fona  lur  les  Mai.  du  Syst.  Nerv.,'  torn.  ii. 
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the  cord  is  foand  considerably  narrowed  if  the  patient  dies  from  some 
other  cause.  It  is  possible  that,  such  compression  is  sometimes  pro* 
duced  slowlj  without  impairment  of  conduction.  In  children  re- 
covery occurs  far  more  readily  than  in  adults.  Even  in  adalts, 
however,  recovery  may  occur  from  palsy  that  has  lasted  for  more  than 
a  year,  with  all  the  signs  of  descending  degeneration  in  the  cord, 
amounting  to  severe  spastic  paraplegia.  Usually  rest  on  the  back  or 
mechanical  supports  are  necessary  to  secure  recovery,  but  it  occasion- 
ally occurs  without  these  measures.  A  youth  acquired  angular 
curvature  at  sixteen ;  at  twenty  paraplegia  came  on  slowly,  and  pro- 
gressed, with  some  variations,  during  the  next  seven  years.  There 
was  then  absolute  motor  palsy  in  the  legs,  and  sensation  was  lessened. 
He  refused  to  rest,  and  continued  to  follow  his  occupation,  which  was 
however  a  restful  one,  that  of  a  tailor ;  he  took  cod-liver  oil  and  iron, 
and  gradually  regained  useful  power,  so  as  to  be  able  to  walk  about 
Such  a  case,  however,  is  exceptional. 

Belapses  sometimes  occur  in  cases  that  improve,  although  they  are 
certainly  not  nearly  so  frequent  as  might  be  expected  from  the  nature 
of  the  disease.  In  the  majority  of  cases  recovery,  once  obtained,  ii 
permanent.  In  a  minority  the  paralysis  returns  when  some  exciting 
cause  renews  activity  in  the  bone  disease.  The  tendency  to  relapee 
and  possibility  of  repeated  recovery  are  very  strikingly  shown  by  the 
following  case.  In  a  girl  of  fifteen,  paraplegia  developed  during  nine 
mouths,  slowly  at  first,  more  ittpidly  towards  the  end  of  that  time. 
She  came  under  my  care  six  months  later,  having  been  unable  even 
to  move  her  legs  for  that  time.  Bone  disease  had  not  been  previouslj 
suspected,  but  there  was  slight  tenderness  and  enough  lateral  irregu- 
larity of  the  lower  dorsal  spines  to  show  the  nature  of  the  case. 
Best  in  bed  and  tonics  were  soon  followed  by  improvement;  in  six 
weeks  she  could  stand,  and  in  four  months  was  able  to  walk  well.  Am 
she  gained  power,  angular  curvature  came  on,  prominence  of  the 
seventh  and  eighth  dorsal  spines.  Five  months  after  her  discharge, 
she  fell  and  struck  her  back ;  the  curvature  increased,  and  her  legs 
gradually  became  weak  again.  Seven  months  after  the  fall  she  was 
readmitted,  unable  to  stand,  although  the  paralysis  was  not  absolute. 
There  was  foot-clonus  on  each  side.  Sensibility  was  lessened  below 
the  ensiform  cartilage.  Best  on  the  back  was  again  followed  by  slow 
improvement.  In  three  months  she  could  just  walk.  She  was  then 
suspended,  and  encased  in  plaster  of  Paris.  At  the  end  of  another 
month  she  could  walk  about  the  room,  and  no  clonus  could  be 
obtained.  She  was  soon  afterwards  discharged,  and  her  progress 
continued,  so  that,  at  the  end  of  nine  months,  she  could  walk  five 
miles,  and  there  was  no  trace  of  clonus,  although  there  was  still  some 
excess  of  the  knee-jerk.  She  soon  afterwards  married,  and  bore  a 
child,  which  died  two  years  and  a  half  after  her  discharge.  She 
caught  cold  at  the  funeral,  and  a  fortni<?bt  later  again  began  to  lose 
power ;  in  six   weeks  the  legs  were  almost  motionless,  with  marked 
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Coot-clonas ;  sensation  to  touch  was  lost  up  to  the  umbilicus,  that  of 
pain  being  preseired.  Neither  rest  nor  encasement  caused  any 
improTement.  After  some  months  sulphide  of  calcium  was  giveD, 
and  in  a  few  dajs  power  begaa  to  returu  ;  in  a  month  she  could  take 
a  few  steps,  and  in  four  mouths  she  could  walk  about  the  ward  with- 
out difficulty.  She  made  another  good  recoverj.  Some  years  later, 
however,  paralysis  again  came  on,  and  this  attack  proved  permanent. 

Several  cases  have  come  under  my  notice  in  which  the  subjects  of 
caries  in  early  life,  which  healed  without  damaging  the  cord,  have 
at  some  period  in  adult  life  presented  the  symptoms  of  primary 
lateral  sclerosis — simple  spastic  paraplegia,  without  any  root  symptoms 
or  evidence  of  renewed  activity  of  the  bono  disease.  If  there  is  a 
connection  between  the  two,  it  is  probable  that  the  cord  has  suffered 
eoiupression  so  slowly  that  its  functions  have  not  been  interfered 
with,  but,  nevertheless,  the  vitality  of  the  pyramidal  fibres  has  been 
rendered  less  enduring 

It  is  important  to  remember  that  the  deviation  is  often  lateral,* 
and  the  chief  difficulty  is  due  to  the  fact  that  a  slight  lateral  devia- 
tion or  slight  prominence  is  not  unusual  in  normal  spines.  Hence  it 
is  important  for  the  student  to  make  himself  familiar  with  the  degrees 
of  deviation  that  occur  in  health.  At  the  same  time  it  must  not  be 
forgotten  that  a  deviation  not  greater  than  occurs  in  health  may  be 
due  to  disease.  If  it  coincides  with  distinct  tenderness,  and  especially 
also  with  the  position  of  root  symptoms,  it  may  be  accepted  as  evidence 
of  disease,  probable  or  certain,  according  to  the  character  of  the  sym- 
ptoms. 

The  pathology  of  the  affection  only  concerns  us  so  far  as  it  relates 
to  the  effect  on  the  spinal  cord,  and  this  is  considered  in  the  chapter 
on  Compression. 

Diagnosis. — When  clear  indications  of  caries  precede  the  paralysis, 
the  nature  of  the  case  can  hardlv  be  mistaken.  The  obvious  infer- 
ence,  that  the  affection  of  the  cord  is  secondary  to  that  of  the  bone,  is 
scarcely  ever  wrong.  When  the  two  develop  together,  mistakes  in 
diagnosis  are  often  made,  but  are  usually  due  to  the  want  of  repeated 
examinations  of  the  spinal  column  It  is  when  the  root  or  cord  sym- 
ptoms precede  distinct  evidence  of  bone  disease,  and  when  the  latter 
is  so  slight  as  to  be  equivocal,  that  the  chief  real  difficulty  in  dia- 
gnosis occurs ;  the  affection  is  apt  to  be  mistaken  for  a  primary  disease 
of  the  cord  or  its  membranes — a  transverse  myelitis  when  the  dorsal 
region  is  affected,  a  progressive  muscular  atrophy,  or  primary  pachy- 
meningitis, when  the  disease  is  in  the  cervical  region.  A  correct  dia- 
gnosis can  only  be  made  in  these  cases  by  recognising  the  significance 
of  the  slight  bone  symptoms  that  are  always  preiient,  the  deep  tender- 
ness, and  often  slight  irregularity.     Even  slight  irregularity  derives 

*  To  diirover  lateral  deyiation  it  ii  well  to  make  an  ink^dot  on  the  skin  over  the 
middle  of  the  tip  of  each  ipine,  care  liein.:  taken  that  the  skin  ii  not  stretched  to 
The  ink-dote  may  be  copied  on  tracing-paper. 
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fiagnostio  indications  are  mentioned  in  the  chapter  on  Slow  Com- 
pnMsion. 

Pkoonosis. — Our  ignorance  of  the  precise  character  of  the  morbid 
process  which  is  damaging  the  cord  renders  the  prognosis,  in  every 
ease  of  caries,  a  matter  of  much  uncertainty.  Nevertheless  there  is 
DO  disease  of  the  cord  in  which  symptoms  of  equal  gravity  so  often 
pass  away.  The  cases  are  few,  therefore,  in  which  hope  is  unjustified, 
bat  they  are  equally  few  in  which  we  are  warranted  in  a  confident 
expectation  of  recovery.  In  childhood  the  prospects  of  recovery  are 
eertainly  better  than  in  adult  life,  and  they  are  least  in  declining 
years.  Damage  to  the  cord  between  the  enlargements  is  less  serious 
than  when  these  are  affected,  because  the  strong  tendency  to  trophic 
changes  constitutes  a  grave  danger  when  the  lumbar  enlargement  is 
diseased,  and  the  diminished  breathing  power  an  equally  serious 
danger  in  disease  of  the  cervical  enlargement,  especially  when  this  is 
high  enough  to  entail  the  additional  danger  of  parrilysis  of  the 
diaphragm. 

But  how  perilous  a  condition  may  be  recoTered  from  is  shown  by 
the  fact  that  the  child  mentioned  on  p.  247  had  paralysis  of  all  four 
limbs,  the  diaphragm,  and  weakening  of  the  intercostals,  and  yet 
recovered.  Still  more  striking  is  a  case  narrated  by  Dr.  Buzzard,  in 
which  disease  in  the  region  of  the  third  cervical  vertebra  caused 
almost  complete  palsy  of  arms,  legs,  intercostals,  and  diaphragm, 
respiration  being  carried  on  by  the  accessory  muscles  of  the  neck. 
Yet  the  child  recovered  in  spite  of  the  occurrence  of  an  attack  of  pneu- 
monia when  the  paralysis  was  at  its  height  A  girl  of  thirteen,  whose 
cervical  caries  was  accompanied  by  all  the  symptoms  of  cerebellar 
tabercle,  recovered.  All  these,  it  will  be  noted,  were  children. 
Neither  rapidity  nor  slowness  of  onset  affords  any  guide  to  prognosis, 
nor  does  the  relative  order  of  paralysis  and  curvature,  or  the  degree 
of  palsy.  Severe  spastic  paraplegia  may  pass  away  entirely,  provided 
it  remains  extensor  in  character.  The  prognosis  is  perhaps  a  httle 
better  when  there  is  no  loss  of  sensation,  since  this  proves  that  the 
damage  to  the  cord  is  moderate  in  degree ;  but  even  complete  anaes- 
thesia does  not  preclude  recovery,  as  the  cases  mentioned  show.  The 
danger  to  life  is  dependent  in  considerable  degree  on  the  evidence  that 
the  scrofulous  or  tubercular  tendency  is  active  elsewhere,  and  also  on 
any  difficulty  in  securing  proper  treatment.  The  prognosis  is,  more- 
over, at  present  in  a  transitional  state  on  account  of  the  uncertainty 
regarding  the  range  of  successful  surgical  treatment. 

Tbkatmsnt. — The  first  and  chief  element  in  the  treatment  of 
paralysis  is  that  of  the  bone  disease  which  causes  it,  and  for  full 
details  of  this  the  reader  is  referred  to  treatises  on  Surgery.  It 
includes  both  the  older  means  of  securing  an  arrest  of  the  morbid 
process,  and,  secondly,  the  still  recent  measures  of  operative  treat- 
ment. If  the  bone  disease  heals,  the  spinal  cord,  in  most  cases,  will 
recover.     The  two  most  potent  therapeutic  agents  are  persistent 
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recumbency  aud  toiiica,  especially  cod-liver  oil  and  iron.  In  the  ca«efl 
that  hare  done  best,  these,  and  these  alone,  hare  l)een  the  effectiTe 
itgeaia.  Beat  should  be  maoatained  for  mouths.  The  posture  that 
iinswers  beat  is  upon  the  back,  on  account  of  the  greater  ease  with 
which  imniobilitv  of  the  bone  JB  secured  and  Diaititained,  and  the 
great  importance  of  this  element  in  treatment;  this  position  ia  also 
ihe  most  comfortable,  and  local  pain  proiiably  interfercB  with  the  aub- 
sidence  of  local  in fl animation.  IF  no  improvemeut  occurs  &ft«r  some 
months'  rest,  suapeuBion  may  be  tried,  It  is  said  to  lie  sometimes 
attended  by  instant  improvement,  especially  in  children  ;  but  this 
result  is  rare,  and  can  only  occur  in  the  caBes,  not  very  common,  in 
which  displaced  bone  compresses  the  cord.  In  cases  in  which  there 
reason  to  suspect  that  this  is  the  cause  of  paralysis,  it  may  be  well  to 
see  the  cSect  of  suspension  before  rest  is  commenced.  The  mouldi 
jacket  is  an  inef&i'ient  substitute  fur  rest,  and  on  unnecessarr  coo*' 
coiiiitant — to  be  adopted  only  when  rest  cannot  be  secured,  or  after 
rest  alone  has  apparently  done  all  that  it  can  achieve.  ir.forinBtaDce, 
power  gradually  returns  during  rest,  but  the  improvement  after  a  tima 
ceases,  and  the  bone  disease  seems  inactive,  the  patient  may  be  sus- 
pended, encased,  and  then  permitt«d  to  stand  and  walk  ;  itaprovement 
may  be  renewed  and  power  may  rapidly  increase.  In  caries  of  the 
mobile  cervical  spine,  even  during  the  period  of  rest,  fixation  of  the  bead 
is  necessary.  Extension  of  the  spine  in  the  recumbent  posture  has  also 
been  employed,  sometimes  with  apparent  benefit.  The  head  of  the 
patient  is  fastened  to  the  hend  of  the  bed  by  an  elastic  band  attached 
to  a  strap  passing  beneath  the  occipital  protuberance  aud  round  the 
patient's  head.  A  weight  of  from  4  to  12,  or  even  20  lbs.  is  faatened 
to  a  band  passing  round  the  patieut  above  the  hips.  Continuous  ei- 
tension  is  thus  olitained.* 

The  influence  of  cod-liver  oil  and  iron  is  as  marked  in  this  as  in 
other  eorofuloua  diseases.  They  constitute  an  iudispensahle  adjunct 
to  rest,  and  may  be  effective  even  alone,  as  is  shown  by  the  case  mea- 
lioned  on  p.  25U.     But  rest  should  always  be  secured  if  possible. 

Counter  irrilatiou,  opposite  the  seat  of  caries,  has  sometimM 
appeared  to  do  good,  perhaps  acting  especially  on  the  process  of  uiya> 
htis  which  attends  compression.  The  actual  cautery,  in  mild  form,  if 
that  which  has  been  most  frequently  found  useful.  Instances  of. 
speedy  improtement  are  on  record,  but  it  is  nut  always  effective, 
can  indications  for  its  use  be  laid  dovra.  Sulphide  of  calcium,  which 
is  tinid  to  influence  scrofulous  processes,  deserves  further  trial,  although 
I  have  not  found  it  so  apparently  effective  iu  any  other  case  than  that 
mentioned  on  p.  251.  Benefit  can  only  be  expected  from  its  use  when, 
as  is  often  the  case,  inflammatory  products  constitute  the  compressing 
agent.  Extreme  care  in  general  management,  to  avoid  bedsores, 
bladder  trouble,  and  bronchitis,  are  of  great  importance.  In  manj 
cases  there  is  a  leudency  to  improvement  after  a  time,  especially 
•  FliimiuK,  ■  LMUut,'  April  27tli,  1S89. 
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the  bone  disease  is  statSoaaif ,  or  the  cord  bae  been  inflamed,  and  in 
Theso  the  mere  maiatenanee  of  life  may  result  in  recover;  of  strength. 
When  power  has  returned,  but  the  use  of  the  limbs  is  restrained  b» 
the  muscular  contractions  which  came  on  during  the  paruljsis,  the 
iibility  to  stand  and  walk  may  be  quicklj  restored  by  tenotomy,  anil 
more  slowlv  by  the  nae  of  eitetidinu  apUnts.  &c.  Electricity  is  useful 
only  to  maintain  ihe  nutrition  of  tlie  muaeles  when  these  are  wasting. 
in  consequence  of  damage  to  their  nerves. 

The  belief  expressed  in  the  first  edition  of  this  work,  that  the  casea 
are  numerous  in  which  relief  to  the  compression  may  be  afforded  bji 
the  surgeon,  hns  been  fully  realised.  The  path  was,  indeed,  being  tben 
opened  up  by  McEwen  of  Glasgow,  who  has  shown,  with  Horsley  and 
iithers,  bow  safe  and  successful  the  operulive  treatment  is  in  properly 
selected  cases;  and  these,  indeed,  include  a  large  proportion  of  tlje 
ciees  in  which  other  measures  have  failed  to  give  relief  and  must 
probably  have  remained  unsuccessful.  The  operation  is  contra-indi- 
(at«d  in  cases  of  rapidly  advancing  general  tuberculosis  (to  whicli 
most  deaths  after  operation  have  been  due).  When  the  indirect  con- 
sequences of  the  disease  have  greiitly  reduced  the  patient's  strength. 
the  question  of  an  operation  may  still  be  entertained  if  it  is  a  dis- 
tinct alternative  to  a  speedy  death,  provided  the  peril  is  such  as  a 
restoration  of  the  fuuctious  of  the  cord  might  possibly  relieve.  On 
the  other  haud.  the  operation  ought  not  to  be  regarded  as  the  first 
resort  in  the  majority  of  cases.  The  large  nuinber  of  eases  that  re- 
cover under  the  treatment  described  above,  make  it  certain  that,  m 
most  cases,  these  measures  should  first  be  tried  ;  and  this  cooclusion 
is  the  clearer,  since  the  duration  of  paraplegia,  for  a  year  or  more, 
seems  to  interpose  no  appreciable  barrier  either  to  recovery  or  to  the 
relief  that  can  be  given  to  the  pressure.  On  the  contrary,  indeed,  the 
prospect  of  recovery  is  better  if  the  b>ine  disease  has  become  quiescent, 
or  the  caries  has  actually  healed,  processes  that  must  be  furthered  by 
the  preliminary  rest.  The  operation  has  the  best  prospect  of  success 
in  the  cases,  fortunately  very  numerous,  iu  which  the  products  of  in- 
flammation outside  the  dura  mater  compress  the  cord.  These, 
whether  caseous  material  or  a  mass  of  connective  tissue  into  which 
the  infiammatoiy  products  have  been  changed,  can  be  readily  removed 
without  opening  the  dura  mater.  Even  if  dii^placed  hone  is  the  source 
of  pressure,  the  removal  of  the  arches  affords  relief  to  it.  The  chief 
obstacle  to  success  is  the  extent  to  which  mvelitis  has  proceeded 
out  of  proportion  to  the  compression.  This,  necessarily,  no  removal 
of  the  pressure  can  relieve.  In  proportion  as  the  inflammation  has 
been  acute  without  rapid  compression,  relief  is  unlikely.  But  this  is 
nut  the  only  cause  of  a  rapid  onset,  aud  a  difficult  question  arises  in 
■ucb  cases,  whether  the  mechanism  is  not  such  that  an  immediate 
operation  is  justitied.  It  may  be  due  to  sudden  displacement  or  to 
sadden  escape  of  pus  into  the  canal,  as  well  as  to  myeUtis,  and  in  the 
two  former  cases  it  is  possittle  that  relief  may  sometimes  be  given,  aud 
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an  immediate  operation  maj  be  wiser  than  delay.  An  operation  ii 
suggested  whenever  a  sudden  increase  in  the  curvature  or  severe  root 
pains  coincide  with  the  onset.  Without  these  symptoms,  the  rapid 
onset  is  probably  due  to  acute  myelitis,  and  then  an  operation  c&ooot 
be  expected  to  lessen  the  interference  with  the  conducting  fibres.  To 
justify  surgical  interference,  however,  the  existence  of  caries  must  be 
•beyond  doubt.  The  operation  involves  some  danger  to  life,  although 
it  may  not  be  great,  and  this  fact  must  always  receive  due  coosideift. 
tion  in  regard  to  the  certainty  of  diagnosis  as  well  as  the  prospect  of 
relief. 


TUMOURS  AND  OTHER  DISEASES  OF  THE  SPINE. 

Obowths  in  the  Spinal  Column* 

The  bones  of  the  spine  are  sometimes  the  seat  of  primary  or  secon* 
dary  growths,  and  less  commonly  are  invaded  by  tumours  springing 
from  the  various  structures  and  even  organs  in  front  of  the  spine. 
Cancer  (scirrhous  and  encephaloid)  and  sarcoma  are  the  most  common 
forms  of  growth  ;  myxoma  has  been  also  met  with.  Cancer  is  some- 
times secondary  to  a  primary  growth  elsewhere,  in  the  breast,  stomach, 
&Q.  A  primary  growth  usually  begins  in  the  Jbodies  of  the  vertebra, 
and  spreads  from  one  to  another.  The  bodies  may  collapse,  because 
the  soft  tissue  which  replaces  the  bone  yields  under  the  weight  it  has 
to  bear,  and  thus  angular  curvature  may  occur,  or  some  other  abrupt 
deviation  from  the  normal  line.  From  the  bodies  the  g^wth  may 
extend  into  the  lateral  processes,  enlarging  them»  and  narrowing  the 
intervertebral  foramina  through  which  the  nerves  pass.  It  may  extend 
into  the  arches,  and  even  into  the  spines,  and  may  also  grow  into  the 
muscles  and  tissues  beside  and  behind  the  vertebral  oolumn.  The 
nerve-roots  suffer  (I)  by  pressure,  (2)  by  simple  inflammation,  (8) 
sometimes  by  cancerous  infiltration.  They  may  thus  be  found  red- 
dened, swollen  and  soft,  or  grey  and  atrophied,  or  enlarged  and  hard- 
ened. The  growth,  cancer  especially,  is  apt  to  spread  in  the  adipose 
tissue  between  the  bone  and  the  dura  mater,  and  may  even  entirely 
surround  the  dura  mater  and  cord.  The  cord  may  suffer  compression, 
but  this  is  less  frequent  than  in  caries,  even  when  curvature  occun. 
On  the  other  band,  it  is  often  inflamed,  sometimes  acutely  ;  consider- 
able inflammation  without  compression  is  far  more  frequent  than  in 
caries.  The  myelitis  occurs  without  any  perforation  of  the  dura  mater 
by  the  growth.  The  cause  of  this  tendency  to  acute  local  inflamma- 
tion is  not  known ;  once  excited,  it  may  spread  in  the  cord  upwards 
and  downwards.     The  growth  never  invades  the  cord  itself. 
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Etioi.o<>t. — The  general  causes  are  the  same  as  those  of  similar 
powthn  elsewhere.  Males  suffer,  however,  more  frequently  than 
females,  and  the  morbid  growths,  taken  together,  are  most  common 
between  forty  and  fifty  years  of  age.  An  iujury  has  been  supposed 
lometinies  to  be  the  exciting  cause  in  this  as  in  other  situations. 

Stmptoms. — ^There  may  be  direct  symptoms  of  the  presence  of  the 
growth —pain  in  the  spine,  sometimes  severe,  sometimes  absent ;  local 
tenderness,  and  occasional  interference  with  movement  of  the  vertebral 
eolumn  apart  from  pain.  A  palpable  tumour  is  never  an  early  sym- 
ptom, but  ultimately  a  deep-seated  hard  swelling  may  be  felt  on  one 
side  of  the  spine,  most  readily  and  earliest  when  the  disease  is  in  the 
oervical  region,  where  it  is  occasionally  perceptible  in  the  posterior 
triangle  of  the  neck.  The  angular  curvature  which  sometimes  occnrs 
does  not  differ  from  that  of  caries  in  its  external  characters,  except 
that  it  is  more  frequently  a  rounded  prominence  than  a  sharp  angle, 
and  it  may  be  accompauied  by  the  indications  of  a  tumour,  never  by 
those  of  an  abscess. 

The  affection  of  the  nerves  is  almost  invariable  in  spinal  growths, 
and  gives  rise  to  the  symptoms  that  are  the  most  distressing,  and 
also  the  earliest  and  most  constant, — radiating  pain  in  the  course  of 
the  nerves  that  emerge  at  the  part,  and  due  to  their  irritation  by  pres- 
sure or  inflammation.  Such  pains  are  far  more  prominent  symptoms 
in  this  disease  than  in  caries.  At  first  slight,  tbey  gradually  increase 
to  extreme  intensity.  It  was  this  feature  that  led  Cruveilhier  to  call 
the  disease  paraplegia  dolorosa,  a  name  it  has  since  commonly  borne. 
The  pain  at  first  intermits,  but  subsequently  is  constant,  with 
paroxysms  of  greater  suffering  from  time  to  time.  It  is  usually  a 
sharp  and  lancinating  pain,  and  its  special  characteristic  is  the  degree 
in  which  it  is  increased  by  movement.  Even  slight  movements  of 
the  trunk  induce  the  paroxysms.  The  distribution  in  the  arms, 
trunk,  legs,  depends  on  the  seat  of  the  disease.  It  is  extremely  rare 
for  these  pains  to  be  absent,  but  they  occasionally  occur  late  instead 
of  early.*  On  the  other  hand,  tbey  may  precede  other  symptoms  for 
months.  Cutaneous  bypersBsthesia  usually  accompanies  them,  and 
spots  of  anaesthesia  often  develop,  after  a  time,  in  the  areas  to  which 
the  fixed  pains  are  referred.  Corresponding  damage  to  the  motor 
roots  may  cause  painful  muscular  contracture  (Figs.  56  and  57, 
p.  91),  pHralvsis,  and  wasting.  Contractures  may  also  occur  in  the 
parts  bt;low  the  disease,  produced  by  the  persistent  pressure  on  the 
motor  tract  in  the  cord.  Paroxysms  of  spasm  often  attend  the  pains, 
especially  in  the  abdominal  muscles  when  the  disease  is  in  the  dorsal 
region,  and  are  apparently  reflex  in  nature. 

The  damage  to  the  cord  causes  symptoms  similar  to  those  in  caries, 

and  described  more  fully  in  the  chapter  on  "Compression.'*     The 

chief  difference  from  caries  is  the  greater  frequency  of  a  rapid  onset 

*  The  pftiai  lueceedod  enrvatim  ia  a  case  described  by  L.  Humphry  ('  Laocet,' 
188i,  i,  p.  15). 
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of  the  paraplegic  ayraptoma,  due  to  the  inTasion  of  tlie  cord  by  acute 
inflamiuattDa.  All  power  iu  the  leg's  is  ofteu  lost  in  twelve  ortwenty* 
four  boure,  and  this  when  no  currature  hcis  taken  place.  Such  acute 
paraplegia  is  not  aocomnionly  preceded  for  a.  week  or  bo  by  retetitiou 
of  urine,  probably  indicative  of  sli^'ht  pressure  in  the  cord.  Displiice- 
ment  of  bone  has  also  been  known  to  cause  rapid  paralvBis.*  On  the 
otiier  hand,  especially  in  very  slowly  growing  tumours,  the  onset  of 
the  palsy  may  be  gradual.  1  have  known  it  to  occupy  several  years 
in  reaching  a  considerable  degree.  Probably  in  these  cases  the 
mechanism  ia  a  simple  slow  compression.  Thus,  compared  ivith  cariee, 
the  onset  is  more  often  rapid,  and  ocoLsionully  much  more  dfliliemte. 
The  characters  of  the  resulting  paralysis  are,  as  a  rule,  simtlAr  to 
those  in  caries,  but  are  more  frequemly  modified  by  the  spread 
inflammation,  iinmedi.'ite  or  subsequent.  Hence  the  central  uu 
reflei  functions  of  tbe  lumbar  enlargement,  altbougli  lbebonedisea§» 
is  Bome  distance  above  it,  may  be  lost  at  tbe  onset,  or  tbey  may  be  at 
first  normal  or  eicessive,  and  afterwards  lost.  In  a  man  with  a  growth 
in  the  miJ-doraal  region,  paraplegia  came  on  rapidly,  evidently  from 
myelitis,  and  was  followed  by  foot-clonus,  &c.  But  a  few  weeks  later 
tbe  clonus  suddenly  ceased,  the  muscles  became  toneless,  with  loss  of 
faradic  irritability,  and  the  skin  began  to  slough.  The  inflauimation 
had  spread  down  into  tlie  lumbar  enlargement.  In  many  casos,  how- 
ever, tbere  is  no  descending  infiamnialion,  and  the  rcQex  actions  are 
it)  persistent  excess,  so  that  spastic  paraplegia  results.  Sensation  is 
lost  rather  more  frequently  than  in  caries.  Other  symptoms  are  tbe 
same  as  in  compression  from  any  cause.  The  course  of  the  disease  ia 
from  its  nature  progressive ;  occasionally,  however,  some  improve- 
ment succeeds  a  rapid  development  of  palsy,  and  is  due  to  the 
partial  recovery  of  a  cord  damaged  disproportionately  by  inflammation. 
It  is  seldom,  however,  that  life  ia  prolonged  for  a  sufficient  length  of 
time.  Much  more  rarely  the  pains  lessen,  although  the  growth 
spreads — perhaps  from  destruction  of  irritated  nerves. 

The  duration  of  tbe  disease  varies  according  to  the  nature  of  the 
growth.    In   cancer  it  is  to   be  measured  by  moutlis.     In  slowly 
grovring  tumours  the  symptoms  may  last  for  years.     Death  maybe- 
due  to  bedsores,  &e.,  to  cystitis  aud  kidney  disease,  to  growths  eh 
where,  or  the  patient  may  be  simply  worn  out  by  the  pruloDj 
agony.      In  one  curious  case  a  growtb  from  an  intervertebral  carlih 
caused  characteristic  symptoms  for  thirteen  years,  and  then  death 
meningeal  hemorrhage. f 

DtxasOBiB. — The  recognition  of  the  disease  is  only  a  matter  of 
tainty  when  signs  of  a  tumour  are  present,  but  the  proluliility  almi 
amounts  to  certainty  when  such  symptoms  as  those  mentioned  foUowi 
primary  growth  elsewhere.     Such  pain  ai  that  above  described, 
ring  in  a  person  from  whom  a  malignant  tumour  has  been  remoTi 

•  HuiDplify,  lot.  cit. 

t  Uoivcrc,  ■  Arch,  de  Pl>;).,'  ISST,  Mu.  8. 
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fhould  always  be  regarded  with  grare  suspicion,  and  the  founds  for 
this  are  not  lessened  by  either  an  interval  of  several  years  since  the 
remoTal  of  the  tumour,  or  by  the  completeness  with  which  this  was 
effected.     Especially  is  this  true  of  eases  of  mammary  cancer.     The 
pains  should  lead  to  careful  and  repeated  examination  of  the  spine  and 
m  search  for  any  abrupt  deviation,  in  any  kind,  and  in  any  part  of  the 
Tertebral  column ;  while  the  cervical  spine  should  be  examined  at  the 
udes  and  from  the  posterior  triangle  of  the  neck,  the  character  of  the 
bony  prominences  on  the  two  sides  being  minutely  compared.     Indi- 
cations of  a  growth  may  often  be  thus  discovered  long  before  tbey  are 
obtrusive.     It  is  also  important  to  remember  the  fact  that  acute 
transverse  myelitis  may  be  an  early  effect  of  the  disease,  and  if  this 
lesion,  in  such  a  subject,  coincides  with  marked  local  tenderueas,  the 
probability  of  secondary  growth  in  the  bone  is  very  great ;  it  is 
rendered  still  greater  by  preceding  pains,  and  certain  by  coincident 
deformity. 

It  must  be  remembered  that  similar  root  symptoms  are  sometimes 
due  to  an  aneurism  or  to  a  growth  in  front  of  the  vertebral  colunm, 
commencing,  for  instance,  in  the  glands,  irritating  the  nerves  as  they 
emei^  from  the  intervertebral  foramina. 

From  intercostal  neuralgia,  the  influence  of  movement  on  the  pain 
is  usually  a  sufficient  distinction,  even  when  cord  symptoms  are 
absent.  The  condnionly  bilateral  character  of  the  pain  is  a  further 
difference.  The  symptoms  of  a  growth  in  the  lower  cervical  region 
are  sometimes  very  closely  simulated  by  symptoms  which,  from  their 
character  and  course,  are  probably  due  to  radicular  neuritis.  There 
are  severe  root-pains,  referred  to  one  arm  (or  less  commonly,  to  both 
arms)  y  increased  by  movement  and  without  marked  tenderness  of  the 
plexus  of  nerve-trunks.  The  subjects  are  also  in  the  later  period 
of  life.  The  distinction  rests  on  the  absence  of  the  signs  of  a  growth, 
on  the  slighter  effect  of  motion  on  the  pains,  on  the  absence  of  any 
progressive  tendency,  and  on  the  common  presence  of  a  history  of 
gout,  and  especially  on  the  absence  of  any  symptoms  of  compression 
of  the  cord  even  after  the  nerve-roots  have  suffered  for  some  months. 
Sometimes  it  is  necessary  to  wait  and  watch  the  course  of  the  sym- 
ptoms. It  is  necessary  to  bo  very  careful  in  assessing  the  value  of 
slight  irregularities ;  the  vertebra  prominens  is  apt  to  be  thought  to 
project  too  much  even  for  its  designation,  and  a  deep  bilateral  swelling 
is  readily  perceived  under  normal  conditions,  when  the  head  is  bent 
forward. 

The  chief  difficulty  in  diagnosis  is  the  distinction  from  caries 
when  distinct  evidence  of  a  growth  is  absent.  In  the  first  half 
of  life  caries  would  alone  be  thought  of  in  such  a  case,  but  in 
the  second  half  the  two  diseases  are  about  equally  frequent. 
One  distinction,  suggestive,  not  absolute,  is  the  intensity  of  the  pain 
in  tumour,  taken  in  conjunction  with  its  great  increase  when  the 
patient  movea    It  is  true  that  the  root-pains  of  caries  are  said  to  be 


somi-tiinea  most  severe,  but  such  eeveritv  is  not  frequent  enoiigb  to 
diistroT  the  significiince  of  intensity.  I  have  not,  for  instance,  eeen  a 
single  case  of  caries  (of  a  large  Dumber)  in  which  the  pain  wax  com- 
parable to  that  in  tnost  of  the  cases  of  growth  that  have  come  un<ler 
my  ohservalion.  Therefore,  while  absence  of  pain  is  of  slighter  diag- 
nostic value  (in  favour  of  caries),  great  severity,  and  agonising 
increase  bj  movemetit,  are  strongly  in  favour  of  vertebral  growth. 
In  each  disease  there  may  be  angular  curvature,  but  this,  in  gronllis, 
is  usually  soon  succeeded  by  other  signs  of  tumour.  In  caries  these 
signs  are  absent,  and  an  abscess  often  develops.  A  history  or  indicts 
tiou  of  tubercle  is  almost  conclusive  evidence  of  caries.  These  points 
will,  I  believe,  avail  for  the  distinction  in  most  cases.  In  a  few  it  ia 
necessary  to  wait  and  watch  before  an  opinioQ  can  be  formed. 

Among  other  diseases  with  which  these  growtlis  may  be  confounded 
is  the  dorsal  form  of  talics.  in  which  severe  radiating  pains  occur  iu  tba 
trunk  and  not  in  the  legs.  But  tbe  wide  extent  of  the  root  symptoms, 
the  slight  eflect  of  movement,  and  the  fact  that  the  knee-jerk  is  lost, 
suffice  for  the  distinction.  The  distinction  from  tumours  of  the  spinal 
cord  and  membranes  is  considered  iu  a  later  chapter. 

Pboskobis. — The  prognosis  scarcely  requires  formulating.  The 
chief  differences  are  iu  the  time  that  life  is  likely  to  last.  The  pnini 
usually  persist,  iu  spite  of  the  progress  of  the  disease,  although  thera 
is  a  bare  possibility  of  their  subsidence.  The  chance  of  any  return  of 
power  in  the  parnlysed  part  is  small,  although  not  quite  alisent  if  the 
palsy  develops  in  a  manner  to  suggest  a  secondary  myelitis,  and  the 
progress  of  the  growth  itself  is  slow, 

Tkeatment. — Possibly  in  a  few  cases  a  growth  maybe  so  placed  aa 
to  be  removed,  and  an  exploratory  opemlion  would  be  juslifiiible  io 
any  case  that  might  prove  suitable;  otherwise  tn-atment  must  neces- 
sarily be  confined  to  the  relief  of  pain,  and  to  the  avoidance  of  bed- 
sores and  other  results  of  the  cord  disease.  Morphia  is  alone  powerful 
for  the  relief  of  paiu,  but  unhapiiily  the  dose  bos  to  be  quickly 
increased,  and  the  power  of  the  drug  is  lessened  by  custom.  It 
becomes  a  race  between  dose  and  pain,  in  whirh,  if  life  laats  long,  iLo 
pain  not  uncommonly  gets  in  front  of  the  nurcotio.  Coc-aio,  however, 
affords  some  relief  in  many  discs,  and  may,  with  other  aniMlynes,  ti 
least  prolong  the  influence  of  moderate  doscs  of  morphia. 

Yebtbbral  Exostoses. 
Exostoses  sometimes  grow  from  the  bodies  of  the  verlebne  into  iha 
spinal  canal,  and  may  compress  the  cord  or  nerves.  They  are,  bow- 
ever,  exceedingly  rare.  The  symptoms  may  be  those  of  slowcouipn«- 
■ion  of  the  cord,  or  of  irritation,  expressed  chiefly  by  pain.  They 
UBuatly  resemble  those  of  a  tumour  of  the  cord  or  membranes  rather 
than  of  the  bones,  but  the  paiu  is  occasionally  much  increased  by  move- 
meat.     Their  chief  cbaractsristic  is  extreme  chronicity.     In  one  oua 
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tbe  patient  suffered  frequent  intense  paroxysms  of  pain  in  the  right 
^n^in,  which  had  occurred  for  two  years,  with  occasional  interrals  of 
freedom.  There  was  some  weakness  of  the  legs,  but  no  considerable 
XMuralysis.  Ten  years  before,  he  had  had  some  loss  of  sensibility  in 
each  thigh,  wbich  had  passed  away.  An  intra-spinal  tumour  was 
diagnosed ;  the  post-mortem  examination  revealed  exostoses  from  the 
bodies  of  the  ninth  and  tenth  dorsal  yertebree,  slightly  compressing 
the  cord.  Although  extreme  chronicity  may  raise  a  suspicion  of 
exostosis,  it  is  doubtful  whether  a  confident  diagnosis  is  ever  justified 
except  in  tbe  cases  in  whicb  there  are  similar  exostoses  elsewhere. 
This  rare  indication  existed  in  a  patient,  under  the  care  of  my  col- 
league Dr.  Barlow,  who  presented  multiple  exostoses,  and  paraplegia 
of  gradual  onset,  which  was  supposed  during  life,  and  found  after 
death,  to  be  due  to  a  similar  exostosis  witbin  the  spinal  canal.  It  had 
sprung  from  one  of  the  lumbar  yertebrss,  and  bad  compressed  the 
nerres  of  the  cauda  equina. 

Exostoses  constitute  a  more  promising  field  for  the  surgeon  than 
other  kinds  of  vertebral  tumour.  Many  of  them  are  so  placed  that 
their  removal  is  feasible.  If  situated  in  front  of  tbe  cord,  the 
division  of  some  nerve- roots,  at  least  in  the  dorsal  region,  might 
permit  access  to  the  growth. 


Stphilitic  Disease. 

Syphilitic  caries  of  the  bodies  of  the  vertebrss  is  a  rare  variety,  the 
symptoms  of  whicb  do  not  differ  from  those  of  tbe  scrofulous  form. 
It  bas  been  observed  in  the  cervical  region,  secondary  to  deep  syphilitic 
ulceration  of  the  pharynx.  Nodes  of  the  vertebrae,  within  the  canal, 
are  occasionally  presumed  to  exist  and  to  compress  tbe  cord,  but  I  do 
not  know  of  any  pathological  observation  confirming  the  assumption, 
and  it  is  probable  that  most  of  the  supposed  instances  have  been  cases 
of  syphilitic  gummata  in  the  meninges.  Deep-seated  thickening  of 
the  tissues  about  the  cervical  vertebrae  sometimes  occurs  in  syphilitio 
subjects.  It  may  develop  on  one  side  or  both,  and  is  apparently  due 
to  a  syphilitic  cellulitis.  Tbe  swelling  may  be  felt  either  on  each  side 
and  behind  the  upper  cervical  spine,  or  deep  in  the  posterior  triangle 
of  the  neck.  It  may  damage  the  nerves  before  they  enter  the  brachial 
plexus,  causing  a  defined  palsy,  as  in  one  case  of  the  lower  arm 
muscles.  Movements  of  the  neck  may  be  interfered  with,  and  irrita- 
tion of  the  nerves  may  cause  neuralgia-like  pain,  generally  felt  down 
the  arm,  and  often  very  severe.  Except  by  the  absence  of  nodula- 
tion,  it  is  scarcely  to  be  distinguished  from  a  deep-seated  growth. 
The  spinal  cord  does  not  usually  suffer.  All  tbe  symptoms  pass  away 
niider  ant i syphilitic  treatment.  In  one  case,  however,  iodide  had  no 
i'iduence,  although  mercury  quickly  cured. 
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Bones,  lite  other  structures,  maj  alropby  and  waste  before  the 
pressure  of  bji  aneurism,  and  the  bodies  of  the  dorsal,  or  rarely  of 
the  lumbar  vertebne  way  be  thus  eroded  by  aneurisms  of  the  aorta. 
The  pressure  and  absorption  take  place  from  the  l<{t  side.  Two  or 
three  vertehne  ueually  suffer,  and  the  bodies  more  than  the  inter- 
Tertebnil  cartilages.  The  periosteum  becomes  thickened,  and  may 
resist  ihe  pressure  and  to  some  extent  protect  the  cord.  Sometimes, 
however,  the  cord  becomes  eompressed,  or  the  periosteum  maj  como 
to  form  part  of  the  wall  of  the  aneurism,  and  may  gire  way  before 
the  blood-pressure,  so  that  rupture  occurs  into  the  spinal  canal. 

The  symptoms  vary  much.  Pain  along  the  nerve-roots  is  usually 
severe,  but  this  may  attend  aneurisms  that  merely  comp^e^<s  the  nerrea 
after  their  emergence,  and  do  not  damage  the  bone.  The  process  of 
erosion  is  usually  attended  by  severe  pain  in  the  spine.  When  the 
cord  is  reached,  compression  causes  the  usual  [laraplegic  symptoms,  of 
slow  or  rapid  onset.  Rupture  into  the  canal  is  attended  by  sudden 
complete  paraplegia  and  death,  either  immediate,  or  in  the  course  of  a 
few  hours,  from  ascending  paralysis,  due  to  the  heemorrhage  around 
the  spinal  cord. 

The  diagnosis  Is  scarcely  possible  unless  other  indications  of 
aneurism  arc  detected,  since  the  symptoms  (doaely  resemble  those  of  a 
growth  in  the  bone.  The  nnture  of  the  diseuse  may,  however,  be 
suspected  if  such  symptoms  as  have  been  described  are  sucoeedetl  by 
sudden  paraplegia  followed  quickly  by  ascending  paralysis. 


EtI>A.TID  DtSBASK. 

Hydatid  cysts  sometimes  develop  in  the  loose  adipose  tisane 
betwi-en  the  dura  mater  and  the  bone,  and  it  is  believed  that  th«y 
eoiuetimes  form  in  the  substance  of  the  bones  themselves.  About 
a  dozen  cases  have  Vieen  collected  by  Leyden.*  Aa  the  cyst  grows, 
the  bone  of  the  arches  sometimes  becomes  atrophied  by  pressure,  and 
the  cyst  may  develop  outside  the  canal,  so  that  there  is  a  double 
cyst,  outside  and  inside,  connected  by  a  narrower  part.  Occusionalty 
the  cyst  develops  also  in  front  of  the  spine,  in  the  thorai  or  abdomen. 
The  internal  cyst  necessarily  compresses  the  spinal  cotd,  which  often 
also  becomes  inflamed.  The  usual  paraplegic  symptoms  develop,  both 
motion  and  sensation  being  usually  lost.  Badiating  pains  along  the 
nerve-roots  are  frequent.  The  symptoms,  in  themselves,  resemble  too 
closely  those  caused  by  other  diseases  of  the  spinal  column  to  permit 
a  diagnosis  to  be  made,  unless  similar  disease  elsewhere  suggests  the 
nature  of  the  spiual  lesion,  or  unless  the  cyst  can  be  felt  in  the  back, 
when  a  puncture  m;iy  prove  its  nature.  All  the  cases  hitherto  recordei) 
L&ve  terminated  fatally,  but  it  has  been  coujectured  that,  if  puocMira  j 
•  'KlhAk  dm  UQckcniD.  Kraiikh.,'  D:iDd  i. 
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can  be  effected,  a  care  may  sometimes  be  possible.  In  one  such  case, 
tioweTer,  a  girl,  aged  twentj-two,  in  which  a  small  tumour  beside  the 
'MMt  dorsal  and  first  lumbar  spines  was  opened  (on  account  of 
somplete  palsj  of  legs,  bladder,  and  rectum),  a  continuous  discharge 
>f  ecbinococcus  cjsts  occurred,  more  than  a  hundred  escaping  in  the 
sourae  of  four  months,  when  the  patient  died  in  consequence  of 
Ascending  damage  to  the  cord.  The  tumour  has  been  noticed  for 
fiiffht  years  before  death,  during  four  of  which  it  produced  symptoms 
of  irritation  of  the  nerves,  and  finally  prominence  of  the  yertebral 
spines  dcTcIoped.* 

Numerous  small  cystieercal  yesicles  hare  also  been  occasionally 
found  within  the  dura-matral  sheath.  In  one  case,  sereral  such 
▼esicles  were  attached  to  nerve- roots,  one  to  each,  in  the  lumbar 
region,  while  a  considerable  number  on  the  cervical  enlargement  were 
beneath  the  pia  arachnoid.t  Such  cysts  may  compress  the  cord, 
producing  parajJegia,  and  even  death.  As  in  other  forms  of  com- 
piessiouy  the  paraplegia  may  come  on  suddenly.^ 

Diseases  of  the  Abticulatioks. 

LatbraXi  Cubtatubb  of  thb  Spinb  seldom  affects  the  functions 
of  the  Curd.  Even  when  slight  compression  has  occurred,  the  slow- 
ness of  its  production  has  apparently  prevented  interference  with 
function.  In  very  rare  cases  some  weakness  of  the  legs  has  been 
present,  possibly,  but  not  certainly,  the  result  of  the  curvature.  Occa- 
■ionallv  the  intervertebral  foramina  have  been  narrowed,  and  the 
pressure  on  the  nerves  has  caused  radiating  neuralgic  pains. 

Yebtebbai.  Abthbitis. — In  chronic  rheumatoid  arthritis  the 
intervertebral  articulations  are  sometimes  involved.  The  symptoms 
are  local  pain,  tenderness,  and  limitation  of  movement,  which  may 
go  on  to  absolute  fixation,  especially  in  the  cervical  region,  if  anchy- 
losis occurs.  I  have  known  the  whole  neck  to  be  rigid  from  this 
cause,  in  a  case  in  which  also  the  movement  of  the  lower  jaw  was 
much  reduced.  More  frequently,  movement  is  restricted  by  pain 
before  the  mechanical  limit  is  reached.  Sometimes  an  occasional 
clicking  sound  occurs.  Enlargement  of  the  ends  of  the  bones  may 
occur,  and,  in  thin  persons,  may  even  be  felt.  The  pain  is  increased 
by  movement,  and  often  by  changes  in  the  weather,  and  by  fatigue. 
It  is  often  felt  through  a  considerable  extent  of  the  spine,  and  may 
extend  to  the  back  of  the  head.  The  cord  is  scarcely  ever  compressed, 
but  the  narrowing  of  the  foramina  may  damage  the  nerve-roots.  The 
articular  processes,  it  will  be  remembered,  form  one  side  of  the  intcr- 

•  Pedjkow,  •  Me«l.  Oboe'  (Rn$s.)»  xxviii ;  and  « Cent.  f.  Nerr.,'  xii,  271. 

f  Uirt, '  Berl.  kL  WocbcnMbr.,'  1887,  No.  3.  The  relation  of  the  tymptomt  to 
tb*  pantitie  diseaM  is  donbtf  al  in  a  degree  that  makes  it  nteleis  to  mention  tbem. 

X  At  in  a  oaaa  raeoided  bj  Wiegaud  ('  Warsaw  Med.  Ob. ; '  and  *  Cent.  f.  Ncrv.,' 
1883,  665). 
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vertebral  foramina,  which  are  thus  eacroacbed  on  by  any  enlargemfll 
of  the  boaea.  The  nerves  may  thua  be  compressed  and  irritated,  i 
radiating  pains  are  produced,  somotimea  even  a  descending  neuritis. 
TLe  nerve-trunks  in  the  litnbs  may  then  become  tender  aa  veil  as 
painful  J  muscular  atrophy  may  eren  occur,  and,  when  the  disease  is 
in  the  cervical  region,  there  may  be  symptoms  of  disturbance  of  tiie 
sympathetic.  Spasmodic  torticollis  is  said  to  have  been  caused  by 
this  disease  in  the  cervical  region.  The  atlo- occipital  articulation 
has  been  affected  alone,  or  with  the  adjacent  vertebne,  and  peculiar 
interference  with  the  moTenient  of  the  bead  has  resulted.  Sometimes 
the  foramen  magnum  is  narrowed,  or  the  odontoid  process  projects 
into  the  canal.  Symptoms  of  damage  to  the  nerves  of  the  medulla 
have  also  hei?n  produced  (Solbrig).  In  the  dorsal  region  the  sym- 
ptoms produced  are  slighter  in  degree,  but  similar  in  general  cha- 
racter, altliough  the  lofal  symptoms  usually  preponderate  over  those 
of  irritation  of  the  nerves, 

The  degree  in  which  the  morbid  process  causes  symptoi 
bowever,  very  much  in  ditferent  cases,  and  it  has  occasionally  b..„, 
found  out  at  the  post-mortem  exumination  without  being  auspectea 
during  life.  It  is  usually  associated  with  distinct  evidence  of  a  rheu- 
matic diathesis,  and  commonly  with  obvious  arthritis  elsewhere. 
This  ia  the  most  important  diagnostic  indication  us  to  the  cause  of 
the  spinal  symptoms,  but  it  must  bo  remembered  that  the  vertebral 
affection  sometimes  exists  alone,  and  it  may  cause  symptoms  during 
many  years,  often  when  their  nature  is  unsuspected.  It  occurs  in  both 
senes,  and  is  not  rare  in  young  women,  in  whom  the  symptoms  are 
often  ascribed  to  hysteria.  The  treatment  is  the  same  as  that  of 
the  general  disease,  nerve-syraploma  alone  needing  special  treatment. 
such  as  is  described  in  the  section  on  diseases  of  tlie  nerves.  The 
most  important  point  in  regard  to  the  malady  is  its  diagnosis,  because 
distant  nerre-pain  is  liable  to  be  regarded  as  uucunnocted  with  local 
disease,  or  the  disease  to  )>e  thought  far  more  serious  than  it  reallj  ii 
and  especially  to  be  uiibtuLcu  fur  chiouic  meningitis  or  uuiigi 
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DISEASES  OF  THE  MEMBBANE8  OF  THE  SPINAL  COED, 

The  general  arrangemeDt  of  the  membraiies  of  the  spinal  cord  has 
been  already  mentioned  (p.  162).  The  pia  mater  closely  myests  the 
cord,  while  the  arachnoid  forms  a  loose  sheath  around  it,  and  the  two 
membranes  are  connected  by  trabecules  and  membranous  expansions  of 
fine  connectiye  tissue,  which  occupy  the  "  subarachnoid  space."  Each 
surface  of  the  dura  mater  is  covered  by  a  layer  of  epithelium.  The 
outer  sheaths  of  the  nerves  are  continuous  with  this  membrane ;  the 
eonnectiTe  tissue,  within  the  outer  sheath,  is  continuous  with  both  the 
pia  mater  and  arachnoid.  The  blood-vessels  of  the  cord  ramify,  as  we 
have  seen,  in  the  pia  mater,  and  the  lymphatic  canals  of  the  two  are 
continuous.  Most  of  the  cerebro-spinal  fluid  within  the  vertebral 
oanal  is  contained  in  the  subarachnoid  space,  but  there  is  a  little  fluid 
between  the  dura  mater  and  the  arachnoid.  Both  membranes  are 
supplied  with  nerves,  but  those  of  the  pia  mater  are  the  more  abundant. 

The  morbid  processes  that  involve  the  membranes  are  chiefly  three, 
— growths,  haemorrhages,  and  inflammation.  Tumours  of  the  mem- 
branes may  be  conveniently  considered  in  connection  with  those  of  the 
spinal  cord.     Inflammation  and  hsBmorrhage  will  be  here  desciibed. 


SPINAL  MENINGITIS:    INFLAMMATION  OP  THE 
MEMBRANES   OP   THE   SPINAL  CORD. 

Inflammation  of  the  membranes  may  be  acute  or  chronic,  and  may 
begin,  and  affect  chiefly,  the  dura  mater  (puchymeningitis,  i,  e.  inflam- 
mation of  the  flimer  membrane),  or  the  pia  mater  {leptomeningitis, 
inflammation  of  the  softer  membrane).  The  arachnoid  usually 
suffers  with  the  pia  mater,  but  is  sometimes  the  seat  of  inflammation 
that  affects  the  pia  mater  but  little,  a  form  that  has  been  termed 
arachniiie.  Acute  inflammation,  beginning  in  one  membrane,  usually 
spreads  to  the  others.  Chronic  inflammation  may  remain  limited  to 
one  membrane,  dura  mater  or  pia  mater. 

All  forms  of  acute  inflammation,  wherever  they  begin,  cause  similar 
symptoms.  It  is  only  when  the  inflammation  is  chronic  that  the 
svmptoms  may  differ  sufficiently  to  allow  of  a  precise  diagnosis. 

Spinal  meningitis  may  be  conveniently  divided  into  two  forms, 
which  depend  on  the  situation  of  the  inflammation  in  regard  to  the 
dura  mater:  (1)  that  which  begins  outside  this  membrane,  and  some- 
times arises  by  extension  from  some  adjacent  focus  of  inflammation, 
— external  meningitis  ;  (2)  that  which  begins  within  the  dura-matral 
sheath,  and  is  often  primary, — internal  meningitis. 
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Eiternal  meniugitis  is  thus  an  inflammatiim  of  the  dum  matoi.  It 
lias  been  termed  external  pachymeningitis,  jieripachymetiingitii,  and' 
]>erimeningiti».  The  inflammation  insolvcB  not  onlj  the  uembnuie^ 
but  also  the  connective  tissue  outside  it,  in  tvUich  are  the  ' 
plexuses  and  adipose  tissue.  This  connective  tissue  may  be  in 
before  the  membrane  itself.  The  morbid  process  usually  remaliii 
limited  to  the  outer  surfat^e  of  the  dura  mater,  even  when  tbe  inflam- 
matioQ  is  acute  and  iaiense,  passing  through  it  only  ia  rare  cases. 

Causes. — External  meningitis  is  generally  due  to  eiteusioa  from 
some  contiguous  disease,  especially  of  the  bones  of  the  spine,  caries  ol 
which  is  the  most  frequent  irause  of  the  affection.  It  results  also  from 
otber  forms  of  bone  diseai^e,  and  a  syphilitic  iufliimmatinn  is  probably, 
in  rare  cases,  associated  with  syphilitic  disease  of  the  vertehrffi.  Such 
secondary  external  meningitis  is  generally  limited  in  extent  and, 
chronic  in  cause.  Deep  sacral  bedsores,  however,  sometimes  cause  aa> 
acute  inflammation,  which  mny  spread  widely.  An  ascending  ueuritia 
has  been  supposed  in  some  cases  to  set  up  local  inflamuiation.  Sup- 
puration adjacent  to  the  vertebral  column  is  sometimes  associated 
with  a  (general  acute  purulent  meningitis,  and  has  generally  been 
regarded  as  the  cause  of  tho  latter;  but  careful  observations  hara 
rendered  it  probable  that  in  m^'St  oases  the  external  suppuration  baj 
been  the  consequence,  and  not  the  cause,  of  the  meningitis.  It  ia 
certain  that  acute  general  external  meningitis  o<'curs  as  a  primarj' 
disease,  and  may  ran  an  intensely  rapid  course  with  profuse  suppunh*' 
tioa  between  the  membrane  and  (he  bone.  The  subjects  have  gen^ 
rally  been  young,  ill-nouriahed  adults,  and  wlien  any  exuitiag  caan 
has  been  traced,  this  has  usually  been  exposure  to  cold.  In  som« 
cases  the  pus  has  worked  its  way  bacVwarda  between  the  vertebral, 
arches  (sometimes  throu^^h  the  Joramina),  and  has  spread  among  tha 
muBcles  of  the  back,  sometimes  forming  also  colleetious  at  one  or 
more  spots,  either  at  the  back,  or  in  front  of  the  spine, — under  t 
pleuni,  for  instance,  or  behind  the  peritoneum.  Such  local  colleo* 
tions  of  pus  were  also  formerly  regarded  as  (he  cause  of  tbe  menlih 
gitis.  It  is  still  possible  that  tbia  mechanism  ia  effective  in  some.- 
iustances,  as  when  a  retn:i-phuryngeal  abscess  is  followed  by  die 
meningeal  affection  ;  but  it  is  certain  that  in  many  cases  the  actual  rela- 
tion is  the  reverse,  and  that  the  external  suppuration,  in  acute  c 
is  often  secondary.*  Hence  it  is  probable  that  this  is  true  of  all  cases 
in  which  the  evidence  of  primary  external  disease  is  not  conclusira. 
Attbesame  time  further  observations  are  needed  to  decide  th6  point, 

PaTHOi.oaicA.L  Anatoht. — The  inflammation  is  sometimes  simple,, 
bat  much  more  frequently  purulent  or  semi-purulent.     If  simple,  ths 

•  Two  inttmctWi  cxic*  %r»  reoordod  bj  Dr.  W.  U.  Span.er,  '  Luncet,'  1S7%  U 
■D>t  Or.  Hignirc,  ib.,  1B88.  ii. 
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^iit»  mat«r  mftj  be  merely  reddened  and  opaque,  with  a  little  lymph 
on  tlie  Borface ;  wlien  purulent,  the  Burfacn  ia  covered  by  a  layer  of 
pns.  In  the  more  commoa  Bemi-pamlent  form,  such  ae  is  common  is 
c&riea  of  the  apine,  a  layer  of  inflammatory  produita  covers  the  outer 
■arfaoe  of  the  dura  mater,  soft,  Bemi-cttaeous  or  firm  caseous  material, 
■ometimes  with  liquid  pus  here  and  there  in  the  firmer  lubstaiioe. 

Often    the    inflammatory    products    undergo 

development  into    fibroid    tissue,    a  mass    of 

which  then  lies  between  the  dura  mat«r  and 

the  bonea.  Such  a  layer,  caseous  or  Gbi'oid,  may 

sometimes  be  half  an  inch  thick  (see  Fig.  88, 

p.  245).     It  may  either   surround  the    dura 

mater,  or  be  chiefly  on  one  side.     Sometimes 

there  ia  an  irregular  nodular  thickening  of  the 

enter  layer  of  the  membrane  (Fig.  89).     In 

most  cases  the  inner  surface  ia  normal,  even 

when  the  oord  itself  is  infliimed.    Occasionally 

the  inner  surface  of  Ihe  dura  maier  is  also 

inflamed,  and  then   the  internal  membranes 

Kre    inrolved    and    adhesions   form    between 

them. 

In  all  forms  of  external  inflammation,  the 

(at  outside  the  dura  mater  quickly  becomes 

absorbed,  and  the  membrane  may  ultimately 

become  adherent  to  the  bone,  or  connected 

with  it  by  intervening   fibrous  tissue  of  in- 
flammatory origin. 
The  Tertical  extent  of  the  disease  varies 

much ;  when  secondary  to  caries,  the  iuflam- 

m&tion  ia  usually  limited  to  the  neigiibour- 

hood  of  the  bone  disease.     When   acute   and 

general,  as  in  the  primary  form,  the  space 

between    the    membrane    and    tbe    bone   is 

filled    with    pus    tbrougb    the    whole    length 

of  the  canal.    Occasionally  the  pus  only  lies 

behind  the  membrane,   between  it  and    the 

arches   of    the   vertebne.  apparently   determined    in    position    by 

gravitation.      It  ceases   in   the    upper   cervical    region,    wliere    the 

dura  mater  is   in   closer  contact    with    the    bone,    its  ascent  beinjr 

perhaps  also  hindered  by  gravitation  as  the  patient  lies  with  Ihe  bead 

raised.     As  already  stated,  pus  is  often  found  among  tbe  muscles  of 

the  back  (having  esca[>ed  betneeu  the  arches),  and  sometimes  collec- 

tions  are  found  in  front  of  tbe  spine.     The  amount  outside  ia  no 

doubt   increiiaed  rapidly   by  the  local   suppuration  excited  by  the 

presence  of  the  pus.      In  these  cases  the  membrane  itself  is  swollen, 

and  has  a  soddened  aspect,  resembling  a  piece  of  wash-leather,  being 

auftened  in  propmtion  to  the  dumtiuu  of  the  affection.    Tbe  inner 
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surface  is  usually  normal,  and  the  pia  mater  is  cither  unchained  oi 
merely  congested. 

Symptoms. — In  different  cases  of  external  meningitis  the  symptonu 
▼ary  much,  and  they  are  usually  complicated  with  those  of  the  cauj^ 
of  the  inflammation.     Those  that  occur  in  caries  hare  been  alreadj 
described.      In  most  acute  cases  the  symptoms  are  nearly  the  same 
as  those  of  internal  meningitis,  althou«j:h  they  are  subject  to  greater 
variations,  and  more  frequently  have  unusual  and  anomalous  manifes. 
tations,  presently  to  be  described.     The  chief  symptoms  are  pain  in 
the  back,  often  referred  to  the  loins,  increased  by  morement,  accom- 
panied  by  stiffness  of  the  muscles  of  the  spine,  severe  root-pains,  and 
cutaneous   bypersesthesia.      The   pains  are  usually  associated  with 
spasm  ;  the  hvporaisthesia  may  be  followed  by  anaesthesia,  and  some* 
times  by  paralysis   of  the   muscles   supplied    by  the  irritated  and 
damaged  nerves.     When  there  is  a  rapid  formation  of  pus,  the  func- 
tions of  the  cord  itself  are  rapidly  interfered  with  in  consequence  of 
its  compression,  and  the  symptoms  of  irritation  are  to  a  large  extent 
replaced  by  those  of  paralysis,  beginning  in  the  legs  and  ascending. 
The  motor  palsy  is  accompanied  by  flaccidity  of  the  muscles  and  Ion 
of  all  reflex  actions.     Sensation  may  also  be  lost,  or  may  be  preserved 
or  changed.     The  sphincters  are  usually  paralysed.     Bedsores  form 
rapidly  if  life  is  sufficiently  prolonged.     A  peculiar  lividity  of  the 
skin  has  been  sometimes  noted.     In  these  acute  cases  there  is  much 
constitutional  disturbance,  rigors,  profuse  sweating,  and  high  fever,  in 
one  case  amounting  to  110°  (Maguire). 

In  local  secondary  forms  the  symptoms  differ  in  character  according 
to  the  acuteuess  of  the  inflammation,  and  in  distribution  according  to 
its  seat.  Although,  as  a  rule,  pain  is  considerable,  other  signs  of 
irritation,  stiffness  and  muscular  spasm,  are  generally  inconspicuous, 
and  the  symptoms  resemble,  and  are  merged  in,  those  due  to  the 
disease  by  which  the  meningitis  is  produced. 

Diagnosis. — The  most  important  indications  of  the  chronic  form 
are  the  vei*tebral  pain  and  the  radiating  pains,  with  other  symptoms 
of  irritation  of  the  nerve-roots,  combined  with  the  signs  of  pressure 
on  the  cord.  These  symptoms  are  seldom  distinct  from  those  of  the 
cause  of  the  external  inflammation ;  the  meningitis  is  indeed  the 
chief  mechanism  by  which  the  local  disease  causes  its  nerve-manifes- 
tations. 

The  acute  form  causes  symptoms  that  have  much  in  common  with 
those  of  internal  meningitis.  It  is  indeed  doubtful  whether  the 
diagnosis  can  be  made  from  the  character  of  the  nerve-symptoms 
alone.  The  special  indication  of  the  seat  of  the  process  is  furnished 
by  evidence  of  its  extension  to  or  from  the  structures  outside  the 
spine.  If  such  acute  symptoms  are  secondary  to  external  disease 
that  clearly  preceded  the  meuini^eal  inflammation,  this  may  safely  he 
assumed  to  be  outside  the  dura  mater.  In  a  case  of  apparently 
primary  meningitis  a  careful  watch  should  be  kept  on  the  tissues  of 
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tbe  back ;  anv  sign  o[  deep  cedema.  a-raong  the  muacles  beaide  tho 
verteliral  coluniD,  in  aiicli  a  ctise.  is  probable  evidence  of  commL'nciag 
purulent  intlitinniution  extouJint;  from  within,  and  tbedevelopmetitoE 
acute  local  inflamiuation  in  either  the  j>leura,  posterior  mediastiBUiii, 
back  of  the  abdomen,  or  beliiad  tbe  pharyQK,  has  the  same  eiguiQ- 
caiice.  It  is  important  that  the  nature  of  such  svmptomB  abould  be 
kept  in  mind,  as  otherwise  tbeir  occurrence  increaeea  tbe  perplexing 
cliaracter  of  thu  cnae.  It  is  pro1*able  that  the  nataru  of  miLoy  cases, 
which  remain  undecided  during  life,  would  be  rendered  clear  b_v 
repeated  careful  ol)f.ervation. 

Pbookosis. — The  acute  affection  is  pxccedingly  grave.  Recorded 
cases  have  ended  iu  deiith,  but  this  teriuinatiou  has  been  a  condition 
of  the  diagnosis;  and  it  is  possible  thiit  aome  cases  which  have 
recovered,  iu  which  the  exact  seat  of  the  inflammatian  wuB  uncertain, 
amy  have  been  instances  of  this  form,  and  that  the  fatality  of  the 
dist-ase  may  not  be  so  grcut  aa  published  facts  auggest.  But  on  this 
point  only  future  ohserTatioua  can  throw  light.  Chronic  eiternat 
meningitis  which  results  from  caries  is  only  serious  in  the  compres- 
sion it  exerts  on  the  cord. 

Treatmbnt. — The  local  form  alone  afforda  an  opportunity  for 
effective  treatment.  The  first  and  most  important  element  is  the 
treatment  of  tbe  original  cause  of  the  disease,  the  caries,  &c.,  to  which 
the  meningitis  ia  secondary.  Any  accessible  collection  of  pua  should 
be  opened,  and  if  acute  local  symiitoms,  in  a  case  of  bone  disease, 
suggest  Ihe  p'lssage  of  pus  into  the  vertebral  canal,  the  propriety  of 
immediate  trephining  should  be  considered.  Kcst,  counter-irritation 
to  the  spine,  especially  the  actual  cautery,  sedatives  to  relieve  the 
pain,  and  tonics  are  the  most  important  measures  in  chronic  cases. 
So  far  as  the  acul«  form  is  open  to  treatment,  the  measures  suitable 
are  those  for  the  internal  variety.  In  a  subiicute  ease,  a  free  eiit 
should  be  afforded  to  the  pus.  Au  opportunity  for  ihis  very  seldom 
presents  itself,  but  may  perhaps  be  furnished  by  sufficiently  frequent 
ex&minatioa  more  often  than  has  hitherto  been  the  case. 
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Internal  meningitis,  inflammation  beginning  within  the  dura-mat  ral 
■heaih,  may  be  either  acute  or  chronic.  The  acute  form  uauiilly  com- 
mences in  the  pia  mater  and  arachnoid ;  the  chronic  forms  may  begin 
in  these  membranes,  or  in  the  inner  surface  of  the  dura  mater.  Little 
ia  known  practically  of  any  separate  affection  of  tbe  arachnoid. 
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Internal  meningitis,  for  tbe  reason  already  mentioned,  has  bera  ] 
termed  "leptomeningitis,"  but  tbe  acute  form  onl;  remaina  limited'' 
to  tboae  membranes  wben  of  alight  d'.'^rt^e.     In  Bome  cases  tbe  inner 
surface  of  tbe  dura  mat^r  is  also  inflamed.     Frequently  tbe  inflam- 
niatiun    extends   m|jidiy  to  tLe   cord,  and  to  such   eases  the  term 
"  meningo-iiiyelitis"  is  often  applied;  in  other  cases,  strange  to  eajr,.- 
no  exteusioa  to  tlie  cord  tiikfs  pluce.     Tbe  in  It  iim  mat  ion  mav  ] 
either  simple  or  purulent,  or  it  nuy  be  secondary  to  tubertjle. 
also  occurx  in  conjunction  with  cerebral  meninj^itia  in  tbe  epidem 
form.     Acute  simple  spinal  meningitis  is  a  rare  disease. 

The  immediate  causes  that  have  been  traced  are  in  part  such  i 
have  a  local  action  i  in  part  they  are  general  morbid  influences,  such  ai 
give  rise  to  other  internal  inflammations,  and  have  been  effective  ii 
causing  meningitis  in  consequenceeitber  of  some  personal  predis 
tion,  or  in  cousequenee  of  a  peculiarity  In  the  a^'cut,  whiidi  led  to  fl 
specific  action  on  these  structures. 

(a)  The  local  causes  may  be — ( 1 )  Injuriea  to  the  spine,  severe  or slighu 
from  fracture  to  simple  dislocation;  concussion  ;  surgical  procedure 
such  as  an  operation  on  tbe  vertebral  column,  or  tlie  puncture  of  the  n 
iu  spina  bifida.  (2)  The  exposure  of  the  hack  to  cold  has  been  theappa- 
rent  cause  in  rare  cases;  and  still  more  rarely  the  prolonged  exposure  Of 
the  spine  to  the  sun,  "  spinal  insolation,"  has  seemed  to  be  effective.  (8) 
Adjacent  inflammation  has  sometimes  caused  int«rnal  meningitis,  but 
in  such  cases  external  meningitis  has  of  necessity  been  first  produced, 
and  tbe  inflammation  has  passed  through  tbe  dura  tnat«r.  Hence,  all 
the  causes  of  acute  external  meningitis  are  also  occasional  cansea  of 
tbeint«mai  form.  But,  as  already  stated,  such  extension  through  the 
eheath  is  very  rare,  and  there  is  some  doubt  aa  to  the  precise  nature  of 
many  of  the  cases  in  which  it  hss  been  supposed  to  occur.  We  have 
seen  that  in  many  of  the  instances  in  which  external  meningitis  has 
been  ascribed  to  adjacent  suppuration,  the  latter  bas  been  secondary, 
and  the  meningitis  has  been  the  result  of  a  primary  blood-state. 
When  in  such  cases  there  has  been  both  internal  and  external  menin- 
gitis, it  is  probable  that  the  former  bas  not  been  due  to  actual  exten- 
sion through  tbe  dura  mater,  but  that  both  hare  been  the  simultaneous 
result  of  a  general  cause. 

(b)  In  a  few  cases  acute  internal  meningitis  is  due  to  the  eitengion 
of  inflammation  Irom  the  cerebral  membranes.  Such  extension  it 
rarely  traced,  however,  except  in  two  classes  of  cases  : — (1)  Tboae  in 
which  slight  meningitis  is  found  in  tbe  upper  cervical  region,  ma  &r 
as  gravitation  favours  the  descent  of  solid  particles  in  the  cerebro- 
spinal fluid  as  the  patient  lies  in  bed.  The  iuflitmmation  ceases  when 
the  spine  becomes  horizontal ;  for  the  most  part  symptoms  are  slight 
or  absent  in  such  cases.     (2)  In  coses  in  which  a  general  sptUAl 
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meningitis  has  heen  secondary  in  point  of  time  to  inflammation  of  the 
xrebral  membranes  the  affection  has  generally  been  due  to  some 
Aose  capable  of  acting  upon  both,  such  as  the  local  presence  of 
tubercles  or  a  morbid  blood -state  of  the  character  to  be  immediately 
mentioned. 

(o)  The  most  acute  and  severe  forms  of  internal  meningitis  are 
lue  to  a  morbid  blood-state,  either  septicsemia  or  a  virus  allied  to  that 
irhich  causes  the  cerebro- spinal  form.  Punileot  meningitis  occurs  in 
cases  of  surgical  and  puerperal  septicsemia,  both  with  and  apart  from 
a  similar  affection  of  the  cerebral  membranes.  Acute  inflammation, 
purulent  when  intense  and  prolonged,  occurs  also  as  an  isolated 
malady,  sometimes  without  apparent  exciting  cause,  sometimes  after 
exposure  to  cold.  In  such  cases  organisms  have  been  found  in  the 
spinal  fluids,  analogous  to  those  of  the  cerebro-spinal  form,  in  connec- 
tion with  which  the  pathological  relations  will  be  more  fully  con- 
ddered.  It  probably  results  from  a  blood-state  not  far  removed 
from  those  which  cause  some  other  forms  of  internal  inflammation, 
imd  which  give  rise  to  acute  articular  rheumatism.  General  exposure 
to  cold  must  be  assumed  to  cause  so  special  an  effect  only  through 
the  agency  of  toxsmia,  such  as  that  which  has  been  already  con- 
lidered  as  underlying  the  rheumatic  form  of  acute  polyneuritis.  Such 
exposure  has  been  apparently  rendered  effective  in  some  instances  by 
coincident  menstruation,  which  may  have  produced  a  special  suscepti- 
bility to  the  attack,  or  favorable  conditions  for  the  development  of 
some  organised  virus,  such  as  seems  to  be  the  essential  factor  in  the 
causation  of  these  forms.  The  exposure  to  cold  that  has  been  effec- 
tive has  presented  all  the  variations  that  are  met  with  in  the  case  of 
other  diseases  thus  produced,  variations  which  are  common  to  so 
many  maladies  that  they  can  have  no  special  relation  to  any  one  of 
them.  Lastly,  as  a  crucial  example  of  this  origin  of  the  disease,  is 
the  important  ^t  that  it  may  follow,  or  occur  in  the  course  of 
certain  acute  specific  diseases,  as  one  consequence  of  the  virus  that 
produces  them. 

Pathological  Anatomy. — Internal  meningitis  is  usually  of  wide 
extent,  since  the  inflammation  spreads  readily  in  the  loose  tissue  of 
the  arachnoid.  Probably  also  the  movement  of  the  cerebro-spinal 
fluid  aids  in  the  extension  of  local  forms  and  in  the  descent  of  intra- 
cranial inflammation  by  conveying  irritant  material.  In  the  case  of  a 
patient  who  had  been  in  bed  for  some  time  the  precise  level  at 
which  such  slight  descending  meningitis  ceases  may  be  that  at  which 
the  vertebral  column  becomes  horizontal.  In  the  earliest  stage  the 
only  change  is  congestion  in  the  pia  mater,  which  is  reddened  from 
Tascularity,  and  may  be  dotted  with  ecchymoses.  The  inner  sur- 
face of  the  dura  mater,  and  the  substance  of  the  spinal  cord,  may  be 
similarly  congested.  When  the  inflammation  is  further  advanced, 
in  the  stage  in  which  the  condition  most  often  comes  under  observa- 
tion, the  pia  mater  and  arachnoid  are  opaque  and  thickened,  and  an 
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**  exadktion  "  of  iDflamnutor;  prodoeta,  greviah  jrelloir  in  tint,  maj 
GOTer  tike  pik  mater  aad  ocrapr  the  meabea  of  tbe  uacbnoid,  forming 
ft  lareroTer  the  cord.  Thia  exudation  Tariea  in  its  conaiatence,  an4 
nutT  be  aemi-parulent  in  aapect ;  in  (be  aoppiiratire  fonn  the  mem> 
hranee  are  infiltrated  with  pas,  which  alao  corera  their  anrface.  The 
inner  anrtace  of  (he  dara  mater  aanallj  preaenta  aimilar  chaagei. 
and  the  inflammatonr  products  mar  fill  op  the  whole  apaco  between 
the  dnra  and  pia  mater,  thna  connecting  the  two  membranea  and 
■unonnding  the  nerre-roota  (Fig.  90).  The  microscope  ahowi 
abundant  lencocjta]  elements,  and  tbe  larger  round  and  apindle  celli 
that  are  common  in  all  inflammatorj  prodocta.     The  former  oorpnscleii 


rtO.ENX — Punlmt  meniniritit:  prrtioB  o(  (pina 
tctwrrB  tbe  pik  mmtfr  and  dar«  DUtrr  !■  ocrupifd  by  luBamBiat'irT  pnidneto,  pa, 
kc,  in  which  (h«  ncrre-root*.  ■!•,■»  rmbfd'Icd.  ■  ■.  CaritiM  wbieh  had 
apparently  bwD  Hllcd  wtth  liqaid  pDi.  From  a  nM  of  wptie  origiD,  ■Rondarf  to 
ttrim  of  Uir  jaw. 

Via.  91- — From  the  aamc;  meatifa  of  anehDoid  inflltntad  «tth  paa-«orpiiacl«i. 
A  turTO-root,  •.  r..  klthonfch  aniranndtd  bj  pna.  it  perfectly  normal ;  and  ao  alao  aia 
tlw  pia  mater,  f.  ■>.,  and  tbe  periphfral  Wjtr  at  the  apinal  eofd,  a.  «. 

which  resemble,  and  are  probablr  identical  with  pas-corpnsclea,  maj 
be  abnndant,  eren  when  the  exudation  baa  not  a  dJBtinctl;^  pomlent 
iUpe<-t ;  when  it  has,  thev  constitate  almost  the  whole  of  the  material, 
Iring  among  tbe  fibres  of  the  arachnoid  (Fig.  91).  The  vessels  are 
dilated,  and  their  aheatha  distended  with  rella.  Tbe  apinal  fluid  is 
increased  in  qnantitj,  and  turbid  from  floccali,  or  erea  panitent  in 
aspect.  Tbe  nerve-roots  are  corered  with  eind&tion,  and  are  often 
swollen  and  reddene<l  from  inTSAion  bj  the  Uifiamination.  Bat  thej  do 
not  alwars  suffer,  eren  in  purulent  meningitis,  as  Fig.  91  shows,  in 
which  a  nerve-root  is  almost  normal  in  aspect,  and  its  abeatb  is 
unaffected,  although  it  ia  surrounded  hy  pos-cella.     Tbe  apinal  cord 


ia  oft«D  invaded  by  tbe  iaflaramatiou ;  it  is  then  redJeaed,  pale,  and 
softened,  and  the  microscope  ithuwa  the  tisBue-chauges  cotnmon  in 
other  forms  of  myelitis.  Tbe  change  is  always  luust  muiked  ia  the 
peripbety  of  tbe  conl,  aud  may  occur  in  wedge-shaped  areas,  haviog 
the  apex  directed  inwards,  and  coalescing  at  the  surfatH!.  Tbe 
pt-ripheralarteriolea  come  from  the  pia  m*ter  (see  "  Vessels  "}.  and  the 
contiauatioQ  of  their  perivascular  spaces  with  the  lympbaric  interstices 
of  ihe  membranes  renderB  it  easy  to  understand  the  invasion  of  the 
cord.  NevtrtheltsH,  in  some  cases,  especially  of  purulent  meningitis, 
the  pia  maler  itself  is  Utile  affected,  even  when  the  aroohnoid  is  filled 
with  pus,  and  in  these  cases  the  spinal  cord  may  be  normal,  as  in  tbe 
example  shown  in  Fig.  90.  If  recovery  takes  place,  the  infl^immatory 
products  may  undergo  cicatricial  changes,  the  membranes  remaining 
opaque  and  adherent,  and  there  may  be  a  permanent  eii^esB  of  arach- 
noid £uid.  Tbe  changes  in  tbe  cord  may  lend  to  scleroBis,  widely 
spread,  or  limited  to  certain  spots,  and  from  these  secondary  de^euera* 
tions,  ascending  and  descending,  may  develop. 

Tbe  area  afl'ected  varies  in  different  cases;  tbe  membranes  are 
involved  in  their  whole  eiteut  in  most  acute  forms.  UsuaUy  tbe 
afiectton  is  greater  on  tbe  posterior  than  on  the  anterior  surface; 
probably  on  account  of  the  influence  of  the  recumbent  posLure,  which 
determines  the  passage  backwards  of  the  lymphatic  fluids  containing 
material  capable  of  exciting  and  increasing  the  inflammation. 

In  tubercular  iutlammation  tbe  amount  of  exudation  is  wsually 
small,  and  it  may  be  absent.  It  is  often  grey  and  gektinous  in 
appearance,  and  in  it  are  scattered  tbe  greyish  or  whitish  tubercular 
granulations.  Similar  granulations  may  usually  be  found  in  abundance 
Qpon  tbe  iauer  surface  of  tbe  dura  mater.  Such  grey  granulations 
are  often  found  upon  the  spinal  membranes  in  cases  of  tuberculosis 
when  there  is  no  indamnmlion,  even  when  the  cerebral  membranes 
are  intensely  inflamed.  The  arachnoid,  especially  that  covering  the 
Cauda  equina,  may  appear  as  if  dusted  over  with  grey  partiulea,  bo 
abunJaut  are  tbe  grauulatiuns. 

In  many  cases,  tbe  sigus  of  spinal  meningitis  are  asBociated  with 
tbo^e  of  inflammation  of  the  mt'mbranes  of  tbe  brain,  especially  of 
those  about  tbe  base  and  posterior  part  of  the  brain.  Tbe  coutiuuity 
of  the  spinal  aud  cerebral  inflammation  may  be  obvious  or  indistinct. 
In  the  latter  case,  the  counectlug  inflammation  has  apparently  been 
much  slighter  than  that  in  the  base  of  tbe  brain  or  around  the  cord, 
BO  slight,  indeed,  as  to  liave  left  no  distinct  traces,  the  inflamma- 
tion having  a[iparent!y  extended  in  consequeufe  of  the  passage  of 
morbid  material  by  the  cere bro- spinal  fluid.  In  cases  of  slight  cere- 
bral meningitis,  in  which  the  patient  has  been  recumbent,  signs  of 
■pinal  mcnipgitis,  opacity  of  the  araibnoid  and  its  distension  with 
Bligfatl;  turbid  fluid,  may  exist  only  in  tbe  cervical  region,  ceasing 
opposite  the  upper  dorsal  vertehne,  and  thus  extending  as  far  as 
Cavitation  (the  head  being  slightly  raised  on  a  pillow)  favoured 
^^^^f.  18 
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the  descent  of  inflammatorj  products.  Bat  in  the  riolent  purulent 
cerebro-spinai  meningitiB,  which  is  occasiouallj  produced  bj  a  septic 
influence,  pus  around  the  cord  is  often  continuous  with  that  which 
bathes  the  base  of  the  brain.  In  a  case  of  this  kind,  in  which  the 
meningitis  was  secondary  to  acute  double  purulent  otitis,  Lejden 
found  abundant  actire  micrococci,  reij  similar  to  those  associated 
with  erysipelas.  In  other  acute  cases,  organisms  hare  been  found 
similar  to  those  of  pneumonia,  and  met  with  also  in  the  epidemic 
cerebro-spinai  fonn. 

Stmftoms. — Slight  pain  in  the  back,  and  malaise,  maj  precede  the 
acute  onset  of  the  symptoms.  This  is  usually  marked  by  a  rigor,  bj 
pyrexia,  and  by  serere  pain  in  the  back.  The  latter  Taries  in  p<m. 
tion,  according  to  the  locality  of  the  inflammation,  but  is  often  felt 
along  the  whole  extent  of  the  spine.  Pain  also  radiates  along  the 
distribution  of  the  nerres,  round  the  trunk  or  to  the  extremities. 
This  excentric  pain  is  paroxysmal  and  intense ;  »harp,  darting,  burning, 
or  constricting.  The  pain  in  the  back  is  usually  constant,  vitii 
exacerbations.  It  is  often  increased  by  morement,  usually  also  bj 
pressure,  and  by  the  application  of  a  hot  sponge  to  the  skin.  It  is  no 
doubt  due  to  the  irritation  of  the  inflamed  meninges,  while  the  radi- 
ating pain  is  produced  by  the  irritation  of  the  sensory  nerve-roots. 

Muscular  spasm  usually  comes  on  at  the  same  time  as  the  pain. 
It  shows  itself  first  in  rigidity  of  the  muscles  of  the  back,  most 
marked,  if  the  inflammation  is  local,  in  the  neighbourhood  of  the 
inflamed  part.  This  rigidity  is  an  important  and  characteristic 
symptom.  It  is  often  first  observed  in  the  neck,  probably  on  account 
of  the  mobility  of  the  part.  When  slight  it  may  merely  cause 
retraction  of  the  head,  or  stiffness  of  the  back,  or  may  be  so  general 
and  so  severe  as  to  cause  opisthotonos,  resembling  that  of  tetanus. 
The  spasm  usually  involves  also  other  trunk-muscles,  especially 
those  of  the  abdomen,  which  become  hard  and  cramped.  The  limbs 
also  become  rigid,  and  painful  cramp-like  spasms  occur  in  them, 
especially  on  attempts  to  move.  The  spasm  is  probably  partly  due  to 
the  irritation  of  the  motor  nerve-roots,  and  is  partly  reflex,  from  the 
irritation  of  the  sensory  roots  and  the  nerves  of  the  pia  mater.  There  is 
usually  great  hypersesthesia  of  the  skin  to  all  forms  of  stimulation,  and 
also  increased  sensitiveness  of  the  muscles,  especiaUy  in  the  lower 
limbs.  Pressure  on  the  arms  may  cause  no  uneasiness,  while  a 
similar  pressure  on  the  legs  occasions  great  pain.  Beflex  action  is 
usually  increased  at  the  beginning.  Constipation  is  common,  and  so 
is  retention  of  urine,  in  spite  of  irritable  attempts  to  empty  the 
bladder— the  result,  apparently,  of  spasm  of  its  muscles,  including 
the  sphincter,  which  resists  the  action  of  the  detrusor.  Dyspnoea 
may  result  from  the  spasm  of  the  thoracic  muscles,  and  may  be 
almost  suffocating  in  its  severity.  The  pulse  may  be  frequent  or 
retarded.  The  temperature  is  raised,  sometimes,  however,  to  only  a 
slight  degree.    Cerebral  symptoms,  headache,  delirium,  coma,  occur 
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vbea  inflammation  has  extended  within  the  sknlL  The  "  Cheyne« 
Stokes  breathing  "  maj  be  present,  from  implication  of  the  medulla* 
rhe  function  of  the  vaso-motor  nerves  (which  leave  the  cord  bj  many 
>f  the  anterior  roots)  is  also  deranged ;  the  dilatation  of  the  Tessels, 
ihat  follows  a  stroke  on  the  skin  of  the  trunk,  is  excessiye  and  pro- 
.onged  (meningeal  streak,  tache  spinale). 

As  the  disease  progresses,  the  symptoms  of  irritation  give  place  to 
tboee  of  paralysis,  which  may  be  most  marked  where  the  rigidity  wan 
greatest.  The  limhs  become  relaxed,  and  feeble  or  powerless.  Sensi- 
bility becomes  lessened  or  lost.  Beflex  action  disappears,  the  mus- 
cnlar  ]H>wer  in  the  limbs  becomes  so  reduced  that  the  patient  is 
scarcely  able  to  moTe;  the  heart  shares  the  universal  prostration,  and 
death  may  occur  from  asthenia,  or  from  paralysis  of  the  respiratory 
muscles.  Towards  the  end  there  is  sometimes  considerable  rise  of 
temperature.  In  some  cases  the  symptoms  become  less  prog^ressive 
and  the  disease  passes  into  a  less  acute  stage ;  the  pains  persist,  the 
Ums  of  power  continues  and  may  CTen  slowly  increase.  Death  may 
occur,  after  weeks  of  suffering,  from  the  effects  of  bedsores  or  from 
secondary  kidney  disease,  due  to  the  retention  of  urine,  and  facilitated 
by  trophic  derangement.  On  the  other  hand,  in  slight  cases,  the  signs 
of  irritation  may  lesson  and  pass  away,  while  those  of  structural 
damage,  paralysis  and  anaesthesia,  may  remain,  and  to  these  may  be 
added  muscular  atrophy  and  contractures,  from  the  secondary  conse- 
quences of  the  lesions  of  the  nerve- roots.  Such  persistent  symptoms 
vary  much  in  extent  and  degree,  according  to  the  position  and  intensity 
of  the  morbid  process.  Ultimately  the  symptoms  of  damage  to  the 
eord  may  either  slowly  increase,  in  consequence  of  the  spread  of 
chronic  myelitis  set  up  by  the  acute  mischief,  or,  on  the  other  hand, 
the  symptoms  of  the  meningitis  may  pass  entirely  away. 

The  symptoms  above  described  vary  in  their  distribution,  according 
to  the  position  of  the  disease.  When  the  membranes  over  the  lumbar 
enlargement  are  chiefly  affected,  the  pains,  hypereesthesia,  and  cramps 
are  confined  to  the  legs  and  loins.  When  the  disease  is  in  the  dorsal 
region  there  may  be  similar  hyperesthesia  and  spasm  in  the  legs,  but 
the  pain  and  cramp  extend  higher,  and  involve  the  trunk.  If  the 
cervical  region  is  affected,  the  symptoms  extend  to  the  upper  extremi- 
ties, the  dyspnoea  may  be  great,  and  there  is  often  difficulty  in 
swallowing.  The  action  of  the  heart  is  sometimes  deranged,  and  con- 
traction or  dilatation  of  one  or  both  pupils  may  occur.  Extension 
to  the  brain  is  marked  by  vomiting,  general  headache,  delirium,  and 
paralysis  of  cranial  nerves,  of  which  the  first  to  suffer  are  the  spinal 
accessory  and  hypoglossal.  If  such  symptoms  preceded  those  of 
spinal  meningitis,  we  may  conclude  that  the  inflammation  commenced 
within  the  skulL 

The  symptoms  vary  somewhat  according  to  the  nature  of  the  inflam- 
mation. In  purulent  meningitis,  as  already  pointed  out,  the  sym- 
ptoms of  irritation  are  sometimes  very  slight,  apparently  because 
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there  is  little  tendency  to  invade  the  nerve-roots.  In  the  case  froto 
which  Figs.  90  and  91  were  taken,  there  were  hardlj  any  symptoms  to 
suggest  uieningitis,  and,  although  there  was  paraplegia,  it  was  probably 
produced  by  the  mere  pressure  of  a  large  collection  of  pus  oo  the 
spinal  cord ;  there  were  no  pains  or  spasm.  The  case  was  one  of 
septic  origin.  It  was  apparently  a  pure  arachnitis,  and  the  tissue  of 
the  pia  mater  was  able  to  resist  invasion  so  completely  as  to  protect 
the  structures  beneath  it  even  from  disturbance  of  function. 

The  duration  of  the  acute  symptoms  varies  from  a  day  or  two,  in 
severe  cases,  which  end  in  death,  to  two  or  three  weeks,  in  cases  of  less 
severity,  which  may  end  in  either  death  or  recovery.  The  duration 
of  the  subacute  and  chronic  symptoms  that  supervene  is  to  be 
measured  by  months,  and  sometimes  by  years. 

The  symptoms  of  tubercular  spinal  meningitis  resemble  those  which 
have  been  described,  but  are  usually  less  intense.     There  is  pain  in 
the  back  and  loins,  with  stiffness  of  the  spine  and  retraction  of  the  neck, 
so  that  it  may  be  difficult  to  bend  the  head  forwards.     There  are  also 
variable  rigidity,  hypersesthesia,  and  tingling  in  the  limbs,  followed  by 
lessened  sensibility  and  paraplegic  weakness.     These  symptoms  occa- 
sionally come  on  in  the  later  stage  of  cerebral  tubercular  meningitis. 
DiAQNosis. — The  diagnosis  of  the  disease  rests  on  the  pain  in  the 
back,  the  retraction  and  rigidity  of  the  neck  and  spine,  the  hypersi* 
thesia  and  spasm  in  the  limbs,  excited  especially  by  attempts  to  move 
them,  on  the  acute  onset  of  the  symptoms  and  on  their  association  with 
pyrexia.     This  grouping  of  the  symptoms  is  sufficiently  characteristic, 
as  is  shown  by  the  fact  that  it  is  extremely  rare  for  them  to  be  simulated, 
even  remotely.     The  chief  difficulty  in  actually  acute  cases  is  presented 
by  the  forms  that  run  an  almost  latent  course,  especially  by  the  seoondary 
purulent  form,  which  has  so  little  tendency  to  invade  the  nerve  struc- 
tures, and  a  correspondingly  slight  tendency  to  derange  their  func- 
tions, and  even  to  irritate  them.     In   pure  myelitis,  on  the  other 
hand,  pain  in  the  back  is  absent  or  trifling ;  paralysis  occurs  early  and  is 
the  leading  symptom,  and  there  is  little  or  no  spasm  in  the  limbs 
in  the  early  stage  of  the  affection.     Often,  however,  some  meningitis 
occurs  at  the  onset  of  acute  myelitis,  and  then  some  pain  in  the  back 
and  slight  rigidity  in  the  limbs  may  precede  or  accompany  the  onset 
of  the  paralysis.     In  such  cases  the  predominance  of  the  meningeal 
or  cord  symptoms  must  determine  the  category  in  which  the  case  is  to 
be  placed.    Meningeal  hsemorrhage  most  nearly  resembles  meningitis 
in  its  manifestations,  and  does  so  necessarily,  because  it  produces 
inflammation ;   the   distinction   chiefly   depends  on  the   onset,  and 
will  be  considered  in  the  next  section.     Haemorrhage  into  the  epinal 
cord  can  scarcely  be  confused  with  inflammation  of  the  membranes, 
because  the  only  common  symptom,  pain  in  the  back,  is  confined  to  a 
definite  spot. 

Tetanus  is  attended  by  rigidity  of  the  back,  and  by  spasm,  and 
presents  a  closer  initial  resemblance  to  meningitis  than  most  other 
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Affections  witli  which  it  inaj  be  confounded;  but  there  is  no  fever  at 
the  onset,  trismus  is  an  earlj  and  obtrusive  symptom,  and  the 
pATOzjsms  of  muscular  spasm  are  excited  by  peripheral  impressions 
much  more  readily  than  in  meningitis,  in  which  thej  occur  chiefly  on 
attempts  to  moye.  Only  the  "  rheumatic "  form  of  tetanus  would 
giTe  rise  to  difficulty ;  the  onset  of  the  traumatic  form  after  an  injury 
should  prevent  any  doubt.  BheumcUism  of  the  mu$cle$  may  cause 
pain  in  the  hack  on  movement,  and  the  resulting  rigidity  may 
prevent  movement;  but  there  is  not  the  spontaneous  pain  which  attends 
meningitis,  nor  is  there  distant  spasm.  Some  difficulty  may  be 
caused  by  rheumatism  of  the  cervical  muscles  in  yoimg  children ;  this 
may  lead  to  retraction  of  the  head,  and  if  it  comes  on  acutely,  after 
exposure  to  cold,  considerable  doubt  as  to  its  nature  may  at  first  be 
felt.  But  it  remains  stationary,  and  the  freedom  of  the  patient  from 
spontaneous  or  radiating  pains,  and  from  any  affection  of  the  nerves, 
toon  enables  a  reassuring  opinion  to  be  formed. 

The  diagnosis  of  the  form  of  meningitis  depends  on  the  recognition 
of  the  cause  of  the  inflammation.  Wben  spontaneous  and  acute  the 
ease  is  probably  of  the  '*  primary "  form,  which  depends  on  some 
toxic  agency,  probably  often  an  organised  virus,  and  is  really  a  partial 
**  epidemic  "  form.  If  it  occurs  under  the  conditions  that  give  rise  to 
surgical  septicsemia,  or  after  childbirth,  purulent  meningitis  is  almost 
certain,  and  the  inflammation  may  be  far  more  intense  than  the  severity 
of  the  symptoms  suggest.  The  diagnosis  of  tubercular  spinal  menin- 
gitis depends  on  the  combination  with  cerebral  meningitis,  which 
usually  precedes  the  spinal  symptoms,  and  on  the  gradual  and 
insidious  onset.  Indications  of  the  tubercular  or  scrofulous  dia- 
thesis are  commonly  present  in  the  state  of  other  organs,  or  to  be 
ascertained  from  the  family  history  of  the  patient. 

Pbookosis. — The  prognosis  is  grave  in  all  cases.  It  is  worse  the 
more  severe  and  acute  the  symptoms,  the  higher  the  temperature,  and 
the  sooner  the  symptoms  of  irritation  give  place  to  those  of  paralysis. 
It  is  worse  also  when  the  disease  is  due  to  serious  lesions  of  the  s()ine 
or  to  tuberculosis,  than  when  due  to  cold,  and  worse  in  the  so-called 
*  spontaneous  "  cases  than  in  those  which  result  from  traumatic  causes. 
Becovery  is  more  probable  in  middle  life  than  in  early  or  advanced 
age.  The  previous  health  of  the  patient  also  influences  the  prognosis. 
It  must  always  be  remembered  that  even  if  the  patient  survives  the 
period  of  acute  inflammation,  serious  permanent  damage  may  remain. 

Tbsatmbkt. — Perfect  rest  and  quiet  are  of  the  greatest  importance 
throuifhout  the  course  of  the  disease.  All  sounds  should  be.  as  far  as 
possible,  excluded;  the  light  should  be  subdued,  and  all  bodily  move- 
ment and  mental  exertion  as  far  as  possible  avoided.  The  vascular 
disturbance  of  inflammation  is  intensified  by  all  functional  excitement 
of  the  too  irritable  structures,  and  continuous  freedom  from  such 
excitement,  as  far  as  it  is  possible  to  obtain  the  freedom,  is  of 
paramount  importance.     Every  attack  of  spasm  means  greater  vascular 
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disturbance,  and  the  circulatory  derangement  entails  leucocjtal  iofi]. 
tration  and  other  structural  consequences. 

Although  it  is  undesirable  that  the  spine  should  be  the  lowest  part 
of  the  body,  jet,  in  acute  meningitis,  it  is  scarcely  possible  for  the 
patient  to  lie  in  any  other  posture.  The  prone  position  interferes 
with  respiration,  and  both  it  and  a  lateral  posture  entail,  direcUj  or 
indirectly,  greater  muscular  exertion,  and  hence  more  frequent  and 
more  severe  attacks  of  spasm,  with  secondary  harm  out  of  proportion 
to  that  which  the  posture  could  prevent.  Here,  as  so  often  in  thera. 
peutics,  skill  is  shown  and  success  secured,  if  it  is  within  reach,  bj 
knowing  when  to  permit  no  compromise,  and  when  to  adopt  one. 
The  dorsal  position  must  be  permitted  if  in  it  the  spasm  is  much 
less  than  in  others.  Dry,  or,  in  robust  patients,  wet  cupping,  or 
leeching,  along  the  spine  may  be  employed  at  the  onset,  and  be 
followed  by  the  local  application  of  cold  in  traumatic  or  hsemorrhagio 
cases,  and  of  heat  in  others — the  principles  being  the  same  as  in 
myelitis.  Counter-irritation,  by  blisters  or  repeated  sinapisms,  is 
more  useful  when  the  disease  is  subsiding  than  at  the  onset.  In 
cases  that  are  due  to  cold,  free  diaphoresis  often  does  good ;  a  hot 
air  or  vapour  bath  should  be  employed  at  the  onset  of  the  treat- 
ment. A  warm  bath  may  be  followed  by  moist  packing  for  seyeral 
hours.  The  relief  thus  given  is  sometimes  very  great.  The  bowels 
should  also  be  freelj  opened. 

The  only  internal  remedy  which  has  been  held,  for  long,  in  general 
repute,  as  capable  of    influencing    the    inflammatory    process,  is 
mercury.     The  confidence  placed  in  it   of  old  is   not  altogether 
unwarranted.     It  should  be  given  imtil  there  is  a  slight  affection  of 
the  gums  (the  only  evidence  that  enough  is  in  the  system  to  act  on 
the  tissues),  and  inunction  is  unquestionably  the  best  way  of  adminis- 
tration.    We  know  that  it  must  then  enter  the  blood  before  it  can 
escape  by  the  bowel ;  we  can  regulate  its  dose  as  we  need,  for  we 
estimate  it  by  the  influence  on  the  gums ;  and  by  rubbing  it  in  oyer 
the  part  affected  we  can  combine  some  counter-irritant  influence  (as 
by  an  irritating  agent  added  to  the  ointment  used),  and  we  neces- 
sarily secure  the  simultaneous  action  of  the  two  agents,  for  the  largest 
quantity  of  mercury  in  the  blood  will  coincide  with  the  most  consider- 
able reflex  action  on  the  vessels.     Lastly,  the  disturbance  of  the 
stomach  and  bowels  is  certainly  less  than  when  their  mucous  mem- 
brane is  chosen  as  the  path  into  the  body.    The  oleate  of  mercury 
may  be  rubbed  in  along  the  spine.     Iodide  of  potassium  seems  to 
have  little  influence  over  acute  inflammation. 

It  is  necessary  to  give  sedatives  for  the  relief  of  the  pain  said 
spasm,  if  the  application  of  cold  does  not  suffice.  Of  these,  morphia, 
given  by  the  skin  or  the  mouth,  is  the  most  effective,  but  vomiting 
Irom  its  use  is  a  grave  drawback;  fortunately  it  does  not  readily 
occur  under  the  circumstances.  Sometimes  inhalations  of  chloroform 
are  necesctary  to  relieve  the  suffering,  and  may  be  even  more  effect! re 
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tb&n  morphia.  In  slight  cases  relief  may  be  afforded  hj  belladonna, 
or  hf  atropia  injected  beneath  the  skin.  Chloral,  or  chloral  and 
bromide,  or  any  of  the  milder  sedatives,  may  be  given  if  there  is 
insomnia.  Bromide  alone,  unfortunately,  has  yery  little  power  to 
lessen  the  spinal  reflex  action.  Frequently,  the  spinal  ice-bag  is  the 
most  effective  and  least  injurious. 

When  the  disease  has  passed  into  a  chronic  stage,  iodides  have  been 
thought  useful.  Counter-irritation  may  be  employed  freely  with 
advantage.  Tonics,  iron,  quinine,  and  even  strychnia  are  beneficial. 
Warm  baths,  as  those  of  Bath  and  Aix-les-Bains,  seem  sometimes  of 
service,  especially  employed  as  hot  douches  to  the  spine.  But  the 
acute  form  is  followed  by  a  tendency  to  the  slow  subsidence  of  its 
effects,  which  makes  the  influence  of  such  measures  difficult  to  estimate. 
The  local  consequences,  muscular  atrophy,  contracture,  &o.f  need 
special  local  treatment  by  electricity,  rubbing,  and  the  like. 

£pidemic  cerebro-spinal  meningitis  is  described  in  the  section  on 
diseases  of  the  cerebral  membranes. 


Chronic  Internal  Mbningitis. 

Chronic  inflammation  of  the  membranes  of  the  cord,  within  the 
dura-matral  sheath,  is  divided  into  two  forms,  according  as  it  begins 
in,  and  chiefly  affects,  the  dura,  iriAter,ehr(mieifUernal pachymeningitis, 
or  the  pia  mater  and  arachnoid,  chronic  leptomeningitis.  Although 
these  forms  sometimes  present  distinct  clinical  and  pathological 
features,  they  have,  when  of  considerable  degree,  many  characters  in 
eommon ;  they  own  the  same  causes,  and  need  the  same  treatment. 
Hence  it  is  most  convenient  to  describe  them  together  as  forms  of 
internal  meningitis.  The  condition  termed  hssmaioma  of  the  dura 
WMter  depends  on  a  form  of  hsemorrbagic  inflammation. 

Chronic  meningitis  is  seldom  fatal,  and  is  rare  as  a  general  and 
primary  malady.  As  such,  therefore,  our  knowledge  of  it  is  still  scanty, 
and  the  opinions  formerly  current  have  had  to  be  largely  curtailed. 
It  was  inferred  that  chronic  symptoms,  analogous  to  those  which, 
when  acute,  are  due  to  acute  meningitis,  were  evidence  of  a  chronic 
form.  This  was,  therefore,  assumed  to  be  the  cause  of  a  group  of 
symptoms,  of  which  spasm  is  the  prominent  and  dominant  feature, 
which  are  now  known  to  be  due  solely  to  a  morbid  state  of  the  spinal 
cord  itself,  and  to  be  consistent  with  a  perfectly  normal  state  of  the 
membranes.  Hence  "chronic  meningitis,"  as  it  was  recognised 
twenty  years  ago,  as  a  *'  clinical  entity,"  has  ceased  to  exist,  or 
rather  has  passed  into  the  pathological  conception  of  ''  primary 
lateral  sclerosis."  The  definite  knowledge  we  now  have  of  general 
primary  chronic  meningitis  is  limited.  The  important  fact  regarding 
it  is  that  its  symptoms  differ  from  those  of  the  acute  form  more  widely. 
perhaps,  than  do  those  of  any  other  chronic  inflammation.     Yet  this 
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difference  depends  on  a  comparatiyelj  small  element — on  the  fact  that 
only  acute  inflammation  causes  acute  irritation  of  the  motor  and  reflex 
Mtructures.  The  chronic  form  maj  irritate  the  sensorj  nerre-rootg, 
but  its  motor  manifestations  are  chiefl^j  the  result  of  pressure,  and 
oven  to  this  much  of  the  pain  may  be  due.  The  pressure  maj  cause 
s(>asin,  but  it  is  a  slow  tonic  contraction,  whollj  unlike  that  of  the 
acute  form.  The  difference  in  the  effect  of  the  two  forms  of  inflam* 
mation  sugf^^ests  manj  problems  that  deserve  investigation,  but  their 
consideration  would  be  out  of  place  here. 

Causes. — Chronic  internal  meningitis,  in  eyerj  form, is  most  frequent 
in  adult  age,  and,  like  acute  inflammation,  affects  men  more  frequently 
than  women.      In  its  general  and  primary  form,  it  has  been  thought 
to  occur  more  readily  in  persons  with  neurotic  heredity,  although 
the  influence  of  this  is  doubtful.     Debilitating  influences  of  various 
kinds  predispose  to  the  disease,   and  prolonged  over-exertion  has 
l)een  thought  sometimes  to  produce  it.      Among  exciting  causes  the 
most  important  is  severe  and  repeated  exposure  to  cold.     Traumatic 
lesions,  concussion,  <&c.,  are  occasional  causes.      It  may  result  hj 
extension  from  inflammation  outside  the  dura  mater  and  from  chronic 
inflammation  of  the  substance  of  the  cord  itself.     But  their  influence 
in  producing  chronic  internal  inflammation  (except  as  a  sequel  to  the 
acute  form)  is  a  subject  on  which  the  opinions  of  the  past  have  still 
to  be  subjected  to  careful  comparison  with  ascertained  facts.     It  is 
probable,  however,  that  the  condition  does  sometimes  follow  ood« 
cussion  of  the  spine  that  has  no  immediate  or  acute  consequences, 
and  the   chronic   stiige  into   which  an  acute  traumatic  meningitis 
subsides  may  last  so  long  as  to  throw  its  initial  form  into  the  shade, 
and  may  not  only  persist  with  independent  pertinacity,  but  may 
extend   without  relation  to  the  original  seat.     Thus  we  must  dis- 
tinguish as  effects  of  injury,  the  local  and  the  general  forms.     The 
latter  are  predisposed  to  by  the  influences  that  seem  to  facilitate  the 
occurrence  of  the  primary  form,  and  in  these  cases  the  influence  of 
the  injury  often  seems  to  be  trifling,  and  the  existence  of  the  morbid 
state  is  not  always  beyond  doubt. 

Local  chronic  meningitis  may  also  result  from  any  chronic  disease 
either  of  the  membranes  themselves,  the  bones,  or  the  spinal  cord. 
These  need  not  be  enumerated  in  detail.  It  occurs  in  aJl  cases  of 
compression,  and  especially  in  all  forms  of  chronic  myelitis  that 
involve  the  superficial  layers  of  the  cord. 

Lastly,  certain  general  morbid  states  are  frequent  causes.  The 
first  is  alcoholism,  which  may  give  rise  to  general  inflammation,  in* 
volving  both  the  pia  arachnoid  and  the  superficial  layers  of  the  oord 
in  various  degrees.  A  second  and  also  common  cause  is  svphilis, 
which  may  produce  either  pachymeningitis,  surrounding  the  oord  in 
the  way  presently  to  be  described*  or  local  leptomeningitis,  irregular 
in  position  and  in  effects.  Lastly,  in  very  rare  cases,  tubercle  has 
given  rise  to  a  chronic  inflammation,  chiefly  of  the  inner  sorface  of  the 
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Inra  mftter,  Hamorrfaagio  pacbymeningitis  ocean  especi&lly  id  the 
luaae.  bat  hu  been  met  with  as  a  oonaequence  of  chronic  alcoholism 
tad  after  injariee. 

PaTHOLOaioaL  A«a.toxt. — In  slight  aod  moderate  degree,  there  it 
nerelj  opacity  and  thickenii^;  of  the  membranes  affected,  sometimes 
■ith  distension  o(  Tauels  or  minate  spots  of  extraTssatton.  The 
>pacitj  of  the  arachnoid  maj  be  saob  that  the  spinal  cord  cannot  be 
lem  through  it.  The  inner  surface  of  the  dura  mater  may  be 
fianular  when  it  is  not  otherwise  changed.  The  spinal  fluid  is 
ncreased  in  quantity  and  is  turbid.  When  the  changes  are  greater 
n  degree,  the  daia  mater  and  pia  mater  may  be  connected  together 
>j  a  layer  of  inflammatory  tissue  of  considerable  thickness,  so  that  it 
nay  be  impossible  to  say  in  which  membrane  the  disease  commenced, 
rhe  microsoc^  shows  the  ordinary  elements  which  result  from 
nflammation,  cells  of  various  tinds,  many  lymphoid  and  pus-like 
iorpuscles,  and  distended  Tessels,  often  incrusted  by  similar  cells. 
Prequently  also  the  pia  mater  is  transformed  into  a  thick  irregular 
layer  of  homogeneous  tissue  in  which  no  distiuct  cell-elements  csu  be 


Fie.  D2. — Cbronlc  ilcolnlir  meninpltli.  Swtion  of  tifgt  of  anterior  colnmn  snd  of 
a  large  nerre-root;  caniiDe  prc|ianitii>n.  p.  ■•.,  |jU  wnter  irrt^Url;  thicken«<l 
and  iranlformMl  into  amorphoni-lookinE  tiuna.  rroin  which  wnJ^-ihapeU 
Ijranching  tncti  (r  «)  citcnd  into  the  white  auhatunce  g  y./..  iMcicali  of  iiarve- 
flbret  tntering  the  cord;  a.,  ao  arterj  in  the  nerve-rooc,  enlirged  and  with 
thickened  wallii  1. 1.,  tf«vt«  of  auiDrpiiDiu  eonaecUre  tUiaei  •.,  a  imall 
extra  raiatiop. 


peroeiTed,  and  only  faint  indications  of  a  fibrous  structure  (Fig.  92). 

Hie  walla  of  its  vessels  may  be  greatly  thickened  by  simitar  materiaL 

The  nerve-roots  passing  through  the  dieesBed  membranes  very 

seldom  escape,  as  they  may   in  the  acute  form,  but  urc  iuflamed. 
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reddened,  and  swollen  in  the  active  stage,  and  afterwards  com, 
pressed  and  atrophied,  if  the  amount  of  new  tissue  formed  about 
them  is  considerable.  The  fibres  suffer  especially  when  the  inflam- 
mation inyolyes  the  dura  mater,  on  account  of  the  UDjieldin^ 
character  of  the  fibrous  sheaths  which  the  nerves  receive  from  that 
membrane.  When  the  pia  mater  is  thickened,  scattered  tracts  of 
connective  tissue  may  be  seen  in  the  substance  of  the  nerve-roota, 
between  the  fibres  (Fig.  92,  t). 

The  spinal  cord  presents  the  same  variations  in  the  degree  in  wUch. 
it  suffers.     It  may  be  little  affected,  but  is  frequently  damaged  bj  the 
extension  to  it  of  the  inflammation  of  the  pia  mater,  which  causes 
softening,  vascularity,  loss  of  distinction  between  grey  and  white 
substance,  breaking  down  of    nerve-elements,   and   infiltration  by 
lymphoid   and  other    inflammatory    cells.      Ultimately    indurating 
tissue  remains,  constituting  an  irregular  zone  of  peripheral  sclerosLs. 
From  the  thickened  pia  mater  tracts  of  similar  tissue  may  extend 
into  the  cord,  becoming  narrower  as  they  pass  inwards  and  sending 
out  branching  trabeculss  (Fig.  92, «).     Between  these  tracts  the  nerve- 
fibres  are  more  or  less  damaged,  partly  by  the  inflammation,  and 
partly  by  the  compression  produced  by  the  newly-formed  tissue. 

This  peripheral  sclerosis  associated  with  chronic  meningitis,  espe- 
cially in  the  neighbourhood  of  injuries,  frequently  damages  tracts 
that  undergo  secondary  ascending  degeneration — post-median  column, 
direct  cerebellar  tract,  and  ascending  antero-lateral  tract.  The  result 
is  to  produce  a  mixed  lesion,  the  precise  nature  of  which  is  not  always 
easily  distinguished  and  has  certainly  often  been  mistaken.  The 
equivocal  aspect  of  the  process  is  probably  increased  by  the  fact 
that,  as  we  have  seen,  secondary  degeneration  entails  an  interstitial 
process  that  is  prone  to  assume  an  inflammatory  character,  espe- 
cially when  set  up  by  an  irritative  lesion.  Hence  the  peripheral 
sclerosis  set  up  by  the  meningitis  is  apt  to  carry  with  it  a  certain 
amount  of  inflammation  in  the  pia  mater  far  beyond  tho  region  to 
which  this  would  otherwise  be  limited.  A  similar  thickening  of  the 
pia  mater  is,  however,  met  with  over  areas  of  the  cord  that  are  the 
seat  of  other  forms  of  sclerosis,  both  those  that  are  systemic,  as  in 
tabes,  and  those  that  are  random,  as  the  insular  form.  It  is  probably 
secondary  in  all  cases,  but  it  formerly  gave  rise  to  some  erroneous 
conceptions  of  the  nature  of  such  degenerations  (see  Locomotor  Ataxy). 
A  still  more  considerable  implication  of  the  pia  mater  is  met  with 
over  regions  that  are  the  seat  of  focal  chronic  myelitis. 

In  the  ordinary  form  of  chronic  meningitis,  the  membrane  in  which 
the  inflammation  begins  may  be  much  more  affected  than  the  other, 
although  the  latter  is  very  rarely  healthy,  except  in  the  slightest  cases. 
Inflammation  beginning  in  the  pia  mater  and  arachnoid  is  often 
extensive  in  range,  and  may  be  considerable  or  slight  in  degree.  That 
which  commences  on  the  inner  surface  of  the  dura  mater  is  frequently 
limited  in   extent,  but  is  accompanied  by  the  formation  of  a  large 
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amount  of  newtissue,  and  hence  has  been  termed  hypertrophic  internal 
paekymeHingitis,  It  constitutes  a  verj  important  yarietj,  giving 
rise  to  peculiar  and  grave  symptoms  which  were  first  carefully  studied 
by  Charcot  and  JofEroy.  It  is  most  commonly  the  cervical  region, 
but  sometimes  occurs  at  the  lower  part  of  the  cord.  On  opening  the 
spinal  canal  a  fusiform  tumour  is  seen,  the  outer  surface  of  which  is 
the  unaltered  outer  surface  of  the  dura  mater,  and  on  section  the 
enlargement  is  seen  to  depend  chiefly  on  a  great  thickeniog  of  the 
inner  part  of  this  membrane,  sometimes  amounting  to  a  quarter  of  an 
inch ;  several  layers  of  new  tissue  can  often  be  distinguished.  The 
pia  mater  may  be  normal,  but  is  more  commonly  thickened,  and  it  is 
often  united  by  the  thickened  arachnoid  to  the  tissue  proceeding  from 
the  dura  mater.  The  cord  is  compressed  and  commonly  softened  at 
the  spot,  and  it  presents  signs  of  inflammation.  The  nerve-roots  are 
also  damaged  and  compressed  by  the  newly-formed  tissue.  Some- 
times  at  the  spot  most  affected,  the  cord  may  be  surrounded  by  a  ring 
of  new  tissue  of  cartilaginous  hardness.  In  other  cases  the  thickening 
of  the  dura  mater  is  slighter  and  more  diffuse,  affecting  occasionally 
a  wide  extent  of  the  membrane.  In  rare  cases  the  membranes  about 
the  Cauda  equina  may  alone  be  affected — the  dura  and  pia  mater 
adherent,  and  the  nerves  united  in  a  fibrous  mass. 

The  white  fibroid  or  cartilaginous  plates  found  so  often  in  the 
arachnoid  after  death  are  probably  not  connected  with  preceding 
inflammation.  In  most  cases  in  which  they  are  found,  no  symptoms 
have  existed  during  life.  It  is  said,  however,  that  when  they  are 
numen>u8  and  extensive  they  may  give  rise  to  symptoms  closely 
resembling  those  of  chronic  meningitis  (Yulpian).  But  fibroid  plates 
in  the  dura  mater  have  been  seen  in  a  case  in  which  previous 
STmptoms  suggested  that  they  resulted  from  chronic  inflammation 
(Jaccoud). 

The  rare  condition  termed  interned  limmorrhagic  pachymeningiHi,  or 
kmmatoma  of  the  spinal  dura  materf  is  similar  to,  and  commonly 
associated  with,  that  which  affects  the  cranial  membrane,  and  will 
be  afterwards  described.  In  this,  a  red  dish- brown  exudation  covers 
the  surface  of  the  membrane,  and  is  composed  of  tibrin  and  extrava- 
sated  blood ;  the  latter  may  be  encysted  in  small  cavities,  or  may  be 
in  Tarious  stages  of  transformation.  The  change  commonly  extends 
OTer  a  great  part  of  the  dura  mater,  and  is  apparently  the  result  of 
hssmorrhage  into  inflammatory  tissue. 

The  local  form  of  syphilitic  meningitis  presents  an  irregular  thick- 
ening of  the  pia  mater  and  arachnoid,  with  the  extensive  production 
of  new  tissue  in  the  affected  region  characteristic  of  this  variety,  so 
that  it  often  resembles  a  diffuse  growth  as  much  as  a  chronic  inflam* 
mation.  The  new  tissue  has  a  peculiar  gluey  aspect,  and  presents  a 
tendency  to  caseous  degeneration  and  fibroid  change,  so  that  scattered 
or  coalescing  cheesy  spots  are  ultimately  met  with  in  tracts  of  mixed 
fibrous  and  gelatinous  aspect,  the  later  predominating  in  the  more 
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recent  parts.  ThU  process  of  growth  may  attain  Bucb  a  derelopnienl 
at  some  spot  as  to  constitute  a  distinct  "  gumma,"  wbich  ma.j  invade 
the  substance  of  tbe  cord,  growing  inwards  from  the  pja  mater.  A 
similar  process  of  cell-|^rowth  may  be  sometimes  traced  with  tbe 
microscope  into  the  substance  of  Ibe  curd,  along  tbe  tracts  of  neuroglial 
tisane  and  peri-arterial  spaces,  when  there  is  uo  iuTasion  distiuut  to 
tbe  naked  eje.*  A  more  limited  affection  of  the  walls  of  tbe 
arteries  of  the  pia  mat«r,  extending  iut«  tbe  cord,  has  also  been 
tliougbt  to  be  syphilitic  in  nature  ;  the  whole  thickness  of  the  wall  of 
the  arterioles  may  be  the  seat  of  inflammatory  thickening,  in  coose* 
quence  of  which  tbe  calibre  of  the  vessels  is  narrowed. t  There  is, 
however,  some  reason  to  think  that  a  similar  affection  of  the  vessels 
may  occur  apart  from  syphilis. J 

In  tbe  very  rare  chronic  tubercular  meningiliB  tbe  inner  surface  of 
tbe  dura  mater  is  covered  with  a  layer  or  layers  of  tubercles,  iu  various 
stages  of  development,  mingled  with  inflammatory  products.  The 
arachnoid  may  also  contnin  degenerating  tubercles,  and  tlie  two 
membranes  may  be  united  together  by  tbe  new  formation,  Tb« 
condition  occurs  independently  of  hone  disease.g 

Symptoms. — The  symptoms  of  chronic  internal  mpningitis,  hke 
those  of  the  acute  form,  are  due  to  the  irritstion  of  the  membranes, 
to  the  damage  to  the  nerve-roots,  and  to  that  of  the  cord.  But  tbe 
absence  of  acuteness  in  tbe  process  involves,  as  we  have  seen,  a  dif- 
ference which  produces  a,  contrast,  rather  than  a  resemblance,  in  tb« 
man  if  e  stations  of  tbe  two  diseases;  tbe  spasm  which  dominates  the 
aspect  of  acute  meningitis  is  almost  entirely  absent  in  the  chronic 
form.  When  this  is  eliminated,  similar  dislnrbanres  of  function 
remain,  but  their  relative  subordination  renders  tbe  similarity  in  tho 
features  of  tbe  two  maliidies  unobtrusive.  St.ill.  tbe  three  pathological 
elements  just  mentioned  occur  in  the  chronic  as  well  as  in  tbe  acute 
form,  and  in  different  cases  one  or  another  of  tbe  corresponding 
sets  of  symptoms  prodominate.  Hence  tbe  varieties,  while  iKmsess. 
ing  many  characters  in  common,  may  differ  considerably  in  their 
clinical  aspect.  In  some  cases,  we  can  infer  with  accuracy  th« 
special  seat  of  the  disease,  but  in  many  others  we  cannot  carry  our 
diagnosis  beyond  the  conclusion  that  chronic  internal  meningitis 
exists,  and  are  unable  to  say,  even  with  probability,  which  membrane 
is  primarily  affected. 

The  common  symptoms  are  these :  Pain  in  the  back,  incri'iised  by 
movement,  sometimes,  however,  amounting  only  tu  heavy  dull  dis- 
comfort, and  accompanied  by  some  stiffness  of  the  back,  and,  when  in 
the  cervical  region,  by  some  retraction  of  the  head.  The  pain  \» 
increased  by  pressure  on  the  vertebral   s]>ines,  and  its  iucrease  by 

•  Oillicrt  Hurt  Lion,  'Arch.  Oto..'  1889. 
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moTemeot  ma.j  Qa.use  a  fixation  of  mobile  parte,  as  tbe  neck,  in  some 
abnonnal  poBitiou.  Tlie  puia  is  iLppitrently  due  to  the  irritatiou  of 
tho  memngeal  nerves,  aud  the  rigidity  is  to  be  regarded  as  a  rt-fiei 
efieot  of  this  irritation.  But  these  are  not  the  paroxjsms  of  Bpasui, 
so  conspicuous  and  bo  distressing  in  the  acute  form. 

More  obtrusive,  in  laost  cases,  are  tlie  radiuting  or  excentric  pains 
due  to  the  irntatioa  of  the  nerve-roots,  and  referred  to  the  region  in 
which  the  nerves  ure  distributed,  back  of  the  head,  neck,  arms. 
thorax,  abdoruon,  loias,  or  legs,  according  to  the  position  of  the  disease. 
These  paioe  are  often  verj  severe,  shtirp,  darting,  burning,  or  rheu- 
matoid in  chariLuter,  paroxysmal  in  occurrence,  and  sometimes  worse 
at  night.  Tbey  nmj  be  accorapauied  bj  a  painful  sense  of  coDstrictioii, 
and  bj  various  unpleasant  senaations — numbness,  tingling,  formica- 
tion, in  the  same  areas.  Hyperiesthesia  may  also  exist,  so  that  piii>, 
sometimes  thrilling  in  character,  is  produced  by  touching  the  skin,  or 
by  Blight  degrees  of  heat  or  coid,  and  a  hot  or  cold  sponge  passed  along 
the  skin  of  the  back  may  reveal  the  chief  seat  of  the  disease  by  the 
change  of  sensation  at  ila  level,  as  in  tbe  acute  form.  The  hypenes- 
tbesia  may  be  more  marked  to  one  form  of  sensation  than  to  another. 
Cutaneous  eruptions,  such  as  result  from  other  nerve-lesions.  Lave  alsc 
been  observed  in  association  witb  tbe  pains.  In  the  sauie  regions, 
muscular  twitcliiug,  tremor,  or  even  spasm,  may  result  from  tbe  irrita- 
tion  of  the  motor  root-libres.  These  symptoms  correspond  in  their 
level  to  tbe  part  of  the  membranes  chiefly  diseased.  When  tbe 
luml>ar  membranes  are  affected,  the  radiatiug  pains  are  felt  in  tbe 
legs ;  but  when  the  disease  is  higher  up,  the  legs  may  merely  feel 
heavy,  aud  be  the  seat  of  alight  abnormal  Beusatiuns. 

After  a  time,  weeks  or  months,  the  pains  persisting  or  ceasing, 
certain  paralytic  symptoms  manifest  themselves  in  the  regions  in 
which  tbe  severe  pains  were  felt,  and  are  dependent  on  further  damage 
10  the  nerve-roots.  Sensation  becomes  lessened,  or  even  lost,  in 
certain  areas,  to  touch,  or  pain,  or  both.  The  muscles  in  the  same 
region  become  weak,  and  waste  ;  usually  with  the  reaction  of  degene- 
rdtioD  for  a  time,  and  ultimate  loss  of  all  irritability.  The  wasting 
often  aSects  the  muscles  irregularly,  from  the  unequal  damage  to  the 
roots  and  the  fibres  of  single  roots  :  entire  groups  sometimes  atrophy 
from  the  complete  interruption  of  the  roots  of  one  or  more  segments. 
E«fiex  action  in  these  parts  is  lost.  In  the  trunk  this  loss  of  refiex 
action,  viih  anceDtbesia,  may  be  the  chief  local  symptom,  and  is  of 
much  diagnostic  importance.  As  the  disease  progresses,  tbe  cord 
itself  suHers,  by  compression,  or  by  extension  to  it  of  the  inflamma- 
tion. Tbe  parts  below  the  seat  of  tbe  disease  then  become  paralysed, 
tbe  legs  are  weak  and  tbe  seat  of  dull  heavy  pain ;  reflex  action  in 
them  may  be  increased,  while  their  muscular  nutrition  continues 
good,  unless  the  lumbar  membranes  are  diseased,  or  the  myelitis 
descends  the  cord.  Detect  of  co-ordination  in  the  legs  is  not 
imsoffiiuon,  and  is  probably  due  to  tbe  implication  of  tbe  fibres  from 
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the  muscles  in  tbe  [loaterior  columns  aad  cerebellar  tracts.  Pow« 
over  the  sphincters  may  be  lost  and  bedsores  form,  but  cbieflj  in 
casea  Id  whiob  the  disease  is  severe  over  the  lumbar  region  or  c&ud* 
equina. 

When  the  inflammation  affects  chiefly  the  pia  mater  and  arachnoid 
(ehronie  Uptomeningitis)  the  symptoms  of  meningeal  irritation  are 
conspicuous, — vertebral  pain  and  rigidity  of  the  back,  with  cutaneous 
hjpenesthesia,  and  the  radiating  paina  may  also  be  considerable. 
These  symptoms  are  eKp^cially  marked  in  cases  of  subcbronic  menin- 
gitis, such  as  are  sometimes  due  to  alcoholism.  The  local  {•amlytio 
symptoms — aucesthesia  and  muscular  wasting — may  be  absent  in  tbe»e 
coses,  or  may  only  come  on  in  slight  degree  after  the  other  eymptoma 
have  lasted  for  a  considerable  time.  On  the  other  hand,  weakneu 
and  pains  in  the  legs,  from  affection  of  the  cord  itself,  may  b«' 
early  symptoms. 

When  the  infianimaliou  begins  in  the  dura  mater  {internal  jiachy- 
meiitngitit)  the  symptoms  of  spinal  irritation,  paiu  and  slifEuess  of 
the  back,  allhougb  occasionally  present,  are  much  less  prominent 
symptoms  than  are  those  wbich  depend  on  the  irritation  of,  and 
dama^  to,  the  uerre-roots.  The  radiating  pains  are  very  severe,and 
are  often  the  earliest  symptom.  At  a  later  stage  the  muscular  weak- 
ness, followed  or  accompanied  by  wasting,  chiefly  attracts  attention, 
and  the  wasting  may  be  so  great  tbat  the  disease  is  mistaken  for 
progressive  muscular  atrophy.  This  is  especially  the  case  when  the 
lesion  is  in  the  cervical  rrgiou,  the  "  cervical  hypertrophic  pachy- 
meningitis" of  Charcot  and  Joffroy.  In  this  oSection,  peJna  in  the' 
back  of  tbe  bead,  neck,  sbunlders,  and  arms,  often  accompanied  witb 
a  painful  sense  of  constriction,  precede  the  muscular  atrophy.  Ths' 
wasting  may  involve  many  muscles,  but  usually  those  supplied  by 
the  radial  nerve  are  less  affected  than  the  others ;  the  escape  of  ths 
long  extensors  of  the  wrist  and  fingers,  while  the  fleiors  of  the  wrirt 
and  fingers  and  the  interossei  atrophy,  leads  to  a  peculiar  deformity; 
the  unopposed  muscles  cause  persistent  over- extension  of  tbe  wristi 
the  phalangeal  joints  are  flexed  and  tbe  melacarpo -phalangeal  jointa 
are  extended,  but  from  tbe  position  of  the  wrist  they  are  not  over- 
extended, and  tbe  hand  thus  differs  from  tbe  ctav-like  hand  (p.  SO). 
With  this  muscular  wasting  in  the  arms  there  is  paraplegic  weakneag, 
from  the  pressure  on  the  cord.  In  rare  cases  the  disease  affects  thA 
membranes  over  the  lumbar  enlargement  or  Cauda  equina,  and  then' 
the  legs  are  the  seat  of  the  pains,  paralysis,  and  atrophy  already' 
described,  and  tbe  sphincters  are  early  paralysed. 

If  the  pachymeningitis  is  confined  to  tbe  dorsal  region,  the  root- 
symptoms  are  limited  to  the  trunk.  In  such  a  cose  anaesthesia  over 
tbe  region  supplied  by  the  dorsal  nerves  was  associated  with  para- 
plegia from  compression  of  tbe  cord.  In  another,  areas  of  aneasthesia, 
with  severe  pains,  existed  over  tbe  legs,  trunk,  neck,  and  back  of  tbs 
head,  without  any  indicatiou  of  damage  to  the  cord  itself.     Thi 
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examples  illustrate  the  ^ipreat  yariations  presented  hj  different  cases, 
owing  to  the  different  distribution  of  the  disease.  An  important 
eharacteristio  of  this  form  is  the  fact  that  it  inyolves  the  membranes 
equallj  around  the  cord,  and  so  gives  rise  to  bilateral  symptoms. 

Chronic  syphilitic  meningitis  maj  cause  symptoms  resembling  those 
of  anj  other  yarietj  of  chronic  inflammation,  eyen  the  hypertrophic 
pachymeningitis  being  sometimes  due  to  this  cause.  But  its  most 
frequent  and  special  characteristic  is  the  focal  character  of  the  sjm- 
ptomsy  and  their  tendency  to  be  associated  with  those  of  partial  and 
Local  damage  to  the  spinal  cord  itself.  This  is  in  consequence  of  the 
tendency  of  local  tissue-fonnation  to  be  associated  with  the  inflamma- 
tion. Hence,  pains  of  irregular  distribution  on  one  side  are  usually 
aeon  followed  by  impairment  of  sensibility,  and  often  by  weakness  in 
tlie  corresponding  leg. 

In  hsemorrbagic  pachymeningitis  the  symptoms  are  those  of  a  slight 
chronic  inflammation,  without  any  distinctiye  features  that  can  be 
referred  to  the  hemorrhagic  infiltration. 

Diagnosis. — The  diseases  with  which  chronic  internal  meningitis 
ia  liable  to  be  confounded,  are  different  according  as  the  symptoms  of 
irritation,  of  damage  to  the  cord,  or  of  compression  of  the  nenre-roots, 
predominate.  By  far  the  most  important  diagnostic  symptoms  are 
thoae  that  depend  on  the  damage  to  the  nenre-roots — their  early  irrita- 
tion and  later  structural  damage. 

The  spinal  pain  and  stiffness  may  be  mistaken  for  simple  ischialgia 
or  **  spinal  irritation,"  but  in  this  condition  the  whole  spine  is  tender, 
seyeral  separate  points  are  much  more  tender  than  the  rest,  and  there 
are  not  the  radiating  pains  or  paralytic  symptoms  of  meningitis. 
Pain  in  the  back  is  related  in  greater  degree  to  posture  and  exertion, 
and  it  has  a  tendency  to  pass  from  the  neck  to  the  occiput.  The 
patients  haye  usually  suffered  from  neuralgia  in  other  situations, 
which  may  alternate  with  that  in  the  back. 

Peripheral  pains,  especially  about  the  trunk  and  legs  and  shoulders, 
are  prominent  symptoms  in  some  cases  of  muscular  rheumatism  or 
rheumatic  neuralgias  In  these,  howeyer,  there  are  not  the  pain  and 
tenderness  of  the  spinal  column ;  and  although  there  may  be  apparent 
increased  sensitiyeness  in  the  r^ion  of  the  pains,  it  is  of  the  deeper 
structures  and  not  of  the  skin,  while  the  relation  of  the  pain  to  moye- 
ment  and  muscular  action  is  a  conspicuous  feature. 

Badicular  neuritis  is  probably  associated  in  many  cases  with  some 
affection  of  the  adjacent  membranes,  but  meningeal  symptoms  are 
altogether  subordinate;  the  symptoms  are  confined  to  the  region 
supplied  by  the  nerve- roots,  and  spinal  pain  is  absent. 

The  muscular  wasting  may  be  mistaken  for  atrophy  due  to  degene- 
ration or  subacute  inflammation  of  the  anterior  cornua  of  the  cord 
(progressiye  muscular  atrophy,  subacute  polio-myelitis).  The  cer- 
▼ieal  hypertrophic  pachymeningitis  bears  special  resemblance  to 
this  disease,  since  the  wasting  in  the  arms  is  often  associated  with 
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paraplegic  sjmptoms  in  the  legs.  The  distinction  is  that  the  atrophj, 
in  the  meningeal  form,  is  preceded  bj  severe  pains,  and  often  accom. 
panied  bj  areas  of  hjpersBsthesia  or  ansBsthesia,  and  is  random  m 
distribution.  In  chronic  affections  of  the  anterior  comua  both  paini 
and  ansBSthesia  are  usually  absent,  and  the  wasting  often  affects  die 
muscles  in  a  certain  order,  which  will  be  described  in  the  account  of 
the  disease.  Thus,  in  a  man  who  was  supposed  to  have  comiial 
disease  on  account  of  wasting  of  some  muscles  of  both  legs,  irregu- 
larly distributed,  a  history  of  severe  sharp  pains,  and  the  disoofeiy 
of  a  patch  of  anaesthesia  on  one  leg,  the  presence  of  a  burning  pain 
round  one  side  of  the  trunk,  and  the  irregular  distribution  of  the 
wasting,  led  to  a  diagnosis  of  chronic  meningitis  damaging  the  nerre- 
roots;  there  was  a  history  of  syphilis,  and  appropriate  treatment 
completely  removed  the  symptoms.  The  pains  also  constitute  a 
distinction  from  another  affection  which  presents  somewhat  similar 
symptoms — syringomyelia.  Chronic  disseminated  myelitis  may  cause 
muscular  wasting,  but  does  not  cause  the  pain  in  the  back,  or  the 
rigidity  of  the  spine,  which  occur  in  meningitis,  and  the  paralysii 
from  damage  to  the  cord  is  the  leading  symptom.  It  must  be  remem- 
bered that  the  two  conditions  of  meningitis  and  myelitis  are  often 
combined,  and  the  fact  has  to  be  recognised  in  our  dia^osis. 

Some  authorities  believe  that  the  symptoms  of  '*  ataxic  paraplegia," 
which  result  from  combined  lateral  and  posterior  iclerosis,  ace 
often  produced  by  the  agency  of  chronic  meningitis,  invading  the 
peripheral  layers  of  the  cord.  It  is  not  probable,  however,  that  this 
mechanism  is  operative  in  the  cases  in  which  considerable  paraplegia 
shows  that  the  lateral  pyramidal  tracts  are  extensively  involved. 
The  diagnostic  problem  is  considered  in  the  chapter  on  this  disease. 

When  the  meningitis  is  lumbar,  the  pains  in  the  legs  may  resemble 
some  of  those  that  occur  in  locomotor  ataiy,  and  knee-jerk  may  be 
lost  in  each  disease ;  but  the  loss  in  meningitis  is  associated  with 
muscular  weakness  and  wasting,  there  is  not  the  degree  of  ataxj 
common  in  tabes,  and  true  "  lightning  pains  "  are  not  met  with  in 
meningitis.  The  greatest  resemblance  to  chronic  meningitis  is  pre- 
sented by  some  cases  of  tabes  in  which  the  cord  disease  reaches  a 
greater  degree  in  the  dorsal  than  in  the  lumbar  region.  There  are 
then  pains  and  anaesthesia  in  the  trunk,  and  the  atrophy  in  the  legs 
may  be  little  marked.  In  meningitis,  if  the  membranes  over  the 
lumbar  enlargement  are  normal,  the  knee-jerk  is  preserved  and  often 
increased,  while  it  is  lost  in  tabes.  The  anaesthesia  and  loss  of  the 
trunk  reflexes  are  more  general  and  uniform  in  tabes  than  in  menin- 
gitis. 

Caries  of  the  spinal  bones  produces  many  of  its  symptoms  by  the 
agency  of  chronic  meningitis,  which  always  results  from  it.  Henos 
the  diagnosis  depends  on  the  recognition  of  the  presence  of  the 
disease  of  the  bone,  in  addition  to  that  of  the  membranes. 

Multiple  neuritis,  in  the  paralytic  variety,  presents  nerve-^mptoms 
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of  the  same  character  as  those  of  chronic  meningitis,  but  the  special 
symmetry  and  peculiar  distribution  of  the  atrophic  palsy,  the  promi- 
neuoe  of  limb-teudemess,  and  the  absence  of  cord  symptoms,  pre- 
clude such  similarity  as  can  cause  actual  confusion  between  the  two 
diseases. 

Pboonosis. — The  differences  between  the  forms  of  chronic  menin- 
gitis, and  between  the  degrees  of  the  same  forms,  are  so  vast  as  to 
render  the  prognosis  of  the  disease  a  matter  of  individual  consideration 
in  every  case,  to  be  estimated  independently,  from  the  pathological 
characters.  The  severe  degrees  of  the  affection  are  attended  with 
danger  to  life,  and  even  the  slighter  forms  may  entail  serious  conse- 
quences, since  many  effects  of  the  disease,  especially  the  damage  to  the 
spinal  cord  itself,  tend  to  increase  by  the  myelitic  tendency  which  is 
set  up.  The  neuralgic  pains,  which  result  from  the  damage  to  the 
nerve- roots,  are  extremely  obstinate.  But  in  many  cases  the  symptoms 
ultimately  pass  away — the  irritation  ceases  and  the  compressed 
structures  slowly  regain  their  function.  The  prognosis  is  most 
favorable  in  the  cases  which  result  from  injury  and  from  syphilis. 
But  in  all  cases,  even  those  of  syphilitic  origin,  in  which  there  is 
reason  to  infer  considerable  formation  of  new  tissue,  the  prognosis 
must  be  cautious,  since  the  cicatricial  contraction  of  this  tissue  may 
perpetuate  the  damage  to  cord  and  nerves  which  its  pressure  has 
produced.  The  prognosis  is  better,  in  other  cases,  in  proportion  to 
the  general  health  of  the  patient,  to  the  moderate  degree  of  the 
mischief,  and  to  the  extent  to  which  its  causes  are  under  control. 

Tbsatxent. — Best  is  essential ;  in  severe  cases  it  should  be 
absolute,  and  in  every  case  movements  which  increase  pain  should  be 
avoided.  The  pain  is  the  expression  of  irritation,  which  tends  to 
maintain  the  morbid  process.  Measures,  previously  ineffective,  will 
often  be  followed  by  improvement  if  rest  is  added.  Posture  is  also 
of  great  importance.  The  prone  couch,  impracticable  in  acute 
meningitis,  can  often  be  employed  in  chronic  cases  with  advantage, 
to  lessen  mechanical  congestion  of  the  spine.  Warm  baths  and 
diaphoretic  baths  have  been  recommended  as  useful,  especially  in 
sulmcute  cases.  Next  in  importance  to  rest  and  posture  is  counter- 
irritation.  Bepeated  sinapisms  or  stimulating  liniments  may  be  used 
if  mild  counter- irritation  only  is  required,  but  in  most  cases  greater 
good  will  result  from  more  energetic  means,  blisters,  the  thermic 
hammer,  or  the  actual  cautery.  The  last  is  especially  recommended 
bj  Jeffrey  for  the  hypertrophic  pachymeningitis.  It  is  probable  that 
posture  favours  the  beneficial  influence  of  counter-irritation  in  a  very 
important  degree. 

Sedatives  are  usually  needed  to  relieve  the  pain — ^morphia,  chloral, 
Indian  hemp,  injections  of  morphia  or  cocaine,  or  sedative  liniments 
of  chloroform,  belladonna,  &c.  In  employing  sedatives  it  must  be 
remembered  that  they  will  usually  be  needed,  in  chronic  cases,  for 
many  months,  and  after  a  time,  by  the  artificial  need  they  create,  thej 
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may  apparently  keep  up  the  pain.  It  is  therefore  well,  if  possible, 
to  alternate  two  or  more  sedatives,  to  make  cocaine  take  the  place  ot 
morphia  as  much  as  possible,  and  to  lessen  the  dose  from  time  to 
time,  tentatively,  and  without  the  knowledge  of  the  patient. 

Iodide  of  potassium  and  mercury  are  the  agents  that  have  moit 
influence  over  the  morbid  process  itself.  Both  are  effective  in  ijplii. 
litic  cases,  but  in  other  forms  of  the  disease  mercury  has  ha  more 
influence  than  iodide;  it  may  be  rubbed  in  over  the  spine,  ai 
recommended  in  the  acute  form.  The  ointment  and  oleate  maj  be 
rendered  counter-irritant,  if  necessary,  by  the  addition  of  cantbarides 
ointment.  In  many  cases,  tonics,  as  iron,  quinine,  and  ood-liver  oil,  aie 
needed.  The  myscular  wasting  which  results  from  damage  to  the 
nerve-roots  requires  treatment  by  galvanism,  rubbing,  and  by  passiYe 
movement,  to  prevent  contractures.  If  hsBmorrbagic  pachymeningitii 
is  suspected,  ergotine  may  be  used  in  addition  to  the  measures  suited 
for  the  ordinary  form.  Treatment  appears,  however,  to  exert  little 
influence  upon  it. 

Other  measures  are  the  same  as  have  been  described  for  the  acute 
form. 


HEMORRHAGE    INTO    THE    SPINAL    MEMBRANES; 

HEMATORACHIS. 

Spinal  hsamorrhage  may  be  outside  the  dura  mater,  between  it  and 
the  bones  (extra-meningeal),  or  within  the  dura  mater  {iiUni' 
meningeal).  In  the  latter  situation  the  extravasation  may  be  iu^> 
dural,  between  the  dura  mater  and  arachnoid,  or  it  may  be  tub- 
arachnaid,  between  this  and  the  pia  mater.  BLsemorrhage  outside  the 
dura  mater  is  more  common  than  within  it. 

Causes. — Meningeal  heemorrhage  may  occur  at  all  ages.    It  is  met 
with  in  newly-born  children,  but  in  them  is  due  to  rupture  of  vessels 
during  birth,  and  the  blood  often  merely  descends  into  the  spinal 
membranes  from  those  of  the  brain.      Spontaneous  hssmorrhage  is 
tLnknowu  in  early  childhood,  but  occurs  at  all  other  ages,  and  is  more 
common  in  men  than  in  women.   Of  the  immediate  causes,  injury  is  the 
most  frequent,  fractures  of  the  spinal  column,  blows  or  faUs  on  the  back 
which  do  not  fracture  the  vertebrss,  and  even  falls  on  the  feet  or 
buttocks.     It  is  occasionally  found  after  death  from  severe  convul- 
sions, epilepsy,  puerperal  eclampsia  (in  which  an  altered  state  of 
the  blood  may  assist),  chorea,  strychnine  poisoning,  and  tetanus.     In 
some  instances  no  symptoms  were  observed  during  life  which  could  be 
referred  to  the  bsemorrhage,  and  it  is  probable  that  the  extravasation 
occurred  only   during  the  last  moment-s  of  life.     Hence  it  seems 
likely  that  muscular  spasm,  resulting  from  a  menmgeal  hemorrhage, 
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ma/  sometimes  have  been  looked  on  as  primary  and  independen 
the  cause  of  the  hemorrhage  when  it  was  reallj  the  effect  thereof. 
This  seems  certain  in  many  cases  of  tetanoid  spasm  in  newly-born 
children — in  most  cases,  indeed,  in  which  such  spasm  occurs  almost 
immediately  after  birth  and  is  associated  with  meningeal  haemorrhage. 
Such  cases  should  be  separated  from  those  to  which  the  term  tetanus 
necnaiarum  is  applied.     They  are  further  considered  in  the  account  of 
hsmorrhage  into  the  cerebral  membranes  in  vol.  ii.     Severe  and  pro- 
longed muscular  exertion  has  been,  in  a  few  cases,  the  apparent  cause 
of  spontaneous  hsemorrhage.      It  also  occurs  in  some  diseases  in 
wlii<di  there  is  a  h»morrhagic  tendency,  such  as  purpuric  states,  and 
the   hsemorrhagic  forms    of  some  acute  specific  diseases,  smallpox, 
jellow  fever,  &q,,  and  very  rarely  in  typhoid  fever,  apart  from  any 
lismorrhage  elsewhere.     In  most  of  these  cases  its  occurrence  has  not 
been  suspected  until  the  post-mortem  examination  revealed  it,  and 
it  probably  occurs  generally  during  the  last  moments  of  life.    A  rare 
cause  is  the  bursting  of  an  aortic  aneurism  into  the  spinal  canal, 
after  erosion  of  the  bodies  of  the  vertebrs,  the  blood  being  efihised 
outside  the  dura  mater.     Hsemorrhage  within  the  dura  mater  has 
also  resulted  from  the  rupture  of  an  aneurism  of  a  vertebral  artery. 
Blood  may  descend  into  the  spinal  membranes  from  the  cranium,  in 
cases  in  which  a  cerebral  extravasation,  especially  about  the  pons, 
escapes  into  the  meninges ;  this  may  occur  in  adults  as  well  as  in  the 
meningeal  h»morrhage  that  is  produced  during  birth.     Lastly,  in 
cases  of  intense  meningeal  inflammation,  ecchymoses,  and  sometimes 
considerable  extravasations,  have  been  found  on  both  sides  of  the 
dura  mater  or  in  the  pia  mater. 

PjLTHOLOOiCJLL  Anatoxt. — Extra-duTcU  hsemorrhage  comes  from  the 
plexus  of  large  veins  which  lie  between  the  dura  mater  and  the  bone. 
It  is  usually  not  of  large  extent,  and  the  blood  collects  chiefly  on  the 
posterior  aspect,  where,  in  the  recumbent  posture,  gravitation  favours 
accumulation,  and  the  space  between  the  membrane  and  the  bone  is 
greater  than  in  front.  But  sometimes  the  extravasation  is  very 
extensive,  dovering  a  large  part  of  the  dura  mater,  and  in  such  cases 
it  may  extend  through  the  intervertebral  foramina,  along  the  nerves. 
Hssmorrhage  is  more  common  in  tbe  cervical  region  than  elsewhere, 
but  may  occur  in  any  part.  The  blood  is  usually  coagulated,  wholly 
or  partially.  The  dura  mater  is  blood-stained,  sometimes  even 
through  to  the  inner  surface.  The  spinal  cord  may  be  compressed, 
but  the  amount  of  blood  is  not  often  sufficient  for  this. 

It  is  easy  to  fall  into  grave  error  regarding  the  presence  of  meningeal 
hflomorrhage;  when  a  body  has  been  lying  on  the  back,  the  veins 
outside  the  dura  mater  become  distended  with  blood,  and  this  escapes 
when  their  walls  are  divided  in  opening  the  spinal  canal.  Care  must 
be  taken  to  avoid  the  error,  on  the  one  hand,  of  regarding  the  blood 
thus  escaping  as  an  ante-mortem  extravasation,  and,  on  the  other,  of 
overlooking  a  hsomorrhage  which  actually  exists.    In  all  cases  of 
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acute  spinal  disease,  in  wbicli  a  post-mortem  examination  is  to  be 
made,  the  body  should  at  first  lie  face  downwards. 

Intra-meningeal  hsemorrhage. — An  extravasation  into  the  sac  of  tbe 
dura  mater  (subdural  haemorrhage)  maj  be  small  in  quantity,  or  mar 
fill  the  whole  cavitj.  When  small  it  maj  pass  from  one  part  to 
another.  In  subarachnoid  hsomorrhage,  the  blood  comes  usuallj  from 
the  vessels  of  the  pia  mater ;  it  maj  surround  the  cord  for  an  inch 
or  two,  or  may  fill  the  whole  subarachnoid  cavity.  Such  exteDsive 
effusions  are  rare,  except  when  the  blood  descends  into  the  arachnoid 
from  the  cerebral  membranes.  Blood  effused  into  the  8[)inal  arachnoid 
has  been  known  to  ascend  as  high  as  the  pons,  and  even  to  break 
through  the  valve  of  Yieussens  tind  get  into  the  cerebral  ventricles.* 
Simultaneous  cerebral  and  spinal  heemorrhages  have  been  known  to 
occur  from  a  common  and  powerful  cause,  as,  for  instance,  in  a  caie 
of  puerperal  eclampsia  (Charrier). 

In  meningeal  hsomorrhage,  cerebral  as  well  as  spinal,  the  spinal  fluid 
is  often  blood-stained,  and  thus  spinal  hsemorrhage  may  be  thooi^bt 
to  be  more  considerable  than  it  really  is.  Tbe  spinal  cord  is  often 
discoloured  and  compressed,  and  is  especially  damaged  when  the 
Lsamorrhage  is  beneath  the  arachnoid.  In  extensive  extra-meningeal 
hsamorrhage,  the  subarachnoid  fluid  may  be  driven  away  from  the 
compressed  part,  and  may  distend  tbe  arachnoid  beyond  tbe  area  of 
compression,  the  limit  of  which  is  thus  marked.  In  cases  which  have 
lasted  more  than  a  few  days  there  are  usually  signs  of  meningitis,  sot 
up  by  the  irritation  of  the  blood. 

Stmptoms. — As  already   statecl,  slight  meningeal  hsemorrhage  it 
sometimes  found  post  mortem  in  death  from  convulsive  diseases  when 
no  symptoms  of  it  were  observed  during  life,  and  in  these  cases  it  is 
probable  that  tbe  extravasation  occurs  during  the  lethal  convulsions. 
In  the  cases  in  which  hsemorrhage  causes  symptoms,  these  are,  for  the 
most  part,  those  of  meningeal  irritation,  and  thus  bear  some  resem- 
blance  to  the  symptoms  of  meningitis.     They  differ  in  the  suddenness 
and  violence  of  their  onset,  to  which  exceptions  are  extremely  rare. 
These  symptoms  are  nearly  the  same  whether  the  hsemorrhage  it  out- 
side or  inside  the  dura  mater. 

The  first  indication  of  the  lesion  is  nsnally  sudden  and  violent  pain  in 
the  back,  corresponding  in  position  to  the  seat  of  the  hsemorrhage,  but 
generally  felt  along  a  considerable  extent  of  the  back,  and  often  severe 
in  the  loins.  This  pain  in  the  back  is  usually  accompanied  by  pain 
along  the  course  of  the  nerves  passing  through  the  membrane  near 
the  extravasation,  darting  or  burning  pains,  often  of  great  intensity ; 
they  are  paroxysmal  in  character,  and  between  the  pains  there  may 
be  various  abnormal  sensations,  tingling,  ^.,  referred  to  the  same 
parts,  and  accompanied  by  hypersestbesia.  Muscular  spasm  usually 
coincides  with  the  pain,  and  involves  partly  the  vertebral  muaclei^ 

*  At  in  an  apparently  coDcla«i?e  eate  reported  by  Leprettre.  'Arch«  G^  dt 
M^V  uii,  p.  83L 
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causing  rigidity  of  the  spine  or  actual  opislhotonos,  partly  the  muscloa 
supplied  by  the  nerves  in  which  the  pain  is  felt,  partly  the  musulea 
supplied  from  the  cord  below  the  aeat  of  the  htcmorrha^.  The  con- 
Tulaive  moTeinents  are  sometimes  general.  Intense  pain  id  the  back 
aod  general  coDvulsian  have  heea  known  to  be  the  only  symptoms. 
Occasionally  there  ia  persisteut  contraction  of  muscles,  and  tliere  is 
usually  spasmodic  retention  of  urine.  These  symptoms  of  irritiition 
are  no  doubt  due  in  part  to  the  irritatioa  of  the  membranes  (causing 
the  vertebral  pain  and  reflei  spasm),  and  partly  to  the  irritation  of  the 
nerve-roots,  motor  and  sensory.  Paralytic  symptoms  quickly  follow — 
weakness  and  lessened  sensitiveness  in  the  limbs  below  the  leaioo.  In 
some  cases  there  is,  at  last,  complete  loss  of  motion  and  Bensiition  in 
the  lower  limbs,  but  such  absolute  paralysis  is  not  common.  Loss  of 
power  at  the  onset  of  the  symptoms  usually  indicates  eitiier  simul- 
taneous hamorrbago  into  the  cord  or  the  effusion  of  a  very  large 
amount  of  blood.  It  occurs,  for  instance,  when  an  aneurism  bursts 
into  the  spinal  oiinal. 

The  symptoms  necessarily  differ  iu  situation  according  to  the  seat  of 
the  disease.  When  hremorrhnge  is  in  tiie  cervical  region  (a  frequent 
seat),  the  pains  are  felt  in  the  neck  and  arms,  and  the  rigidity  may 
cause  absolute  immobility  of  the  neck,  while  dysphagia,  interference 
with  respiration,  and  dilatation  of  the  pupils  may  be  added  to  the 
other  paralytic  symptoms.  When  it  is  in  the  dorsal  region,  intense 
pain  emnrcles  the  cheat  or  abdomen.  If  in  the  lumbar  region,  the  pain 
ia  felt  in  the  l^s,  aud  there  are  early  paraplegic  symptoms,  with  loss 
of  reflex  action  iu  the  lej^s,  and  the  paralytic  incontinence  of  urine  and 
faeces  descriljed  on  p.  22o. 

As  a  rule,  in  sfiinal  hremorrhag'',  the  cerobral  fuactiojis  are  an- 
affected ;  the  unfortunate  piLtii:nt  is  conscious  of  all  his  suffcriuga 
from  first  to  lust,  Occasionally,  however,  consciousness  is  lost  for  a 
short  time,  apparently  from  shork.  and  delirium  or  coma  may  come  on, 
either  as  an  indirect  effect  of  the  spinal  leaion  on  the  brain,  or  in  con- 
■■■qucnce  of  a  sudden  increase  in  the  intra-cRinial  pressure,  due  to  the 
displacement  upwards  of  the  cerebro- spinal  fluid.  But  in  moat  cases 
in  which  cerebral  symptoms  coexist  with  those  of  spinal  hemorrhage, 
the  former  have  been  due  to  simultaneous  intra-cranial  disease  ;  this  is 
tbe  ca»e  when  the  blood  found  in  the  spinal  canal  comes  from  within 
tbe  skull,  as  in  most  caaea  of  meningeal  htemorrbage  in  newly-born 
children  (see  vol.  ii).  In  very  rare  cases  the  symptoms  of  spinal 
bismorrh age  have  come  on  insidiously,  without  pain,  us  in  a  case  in 
which  extensive  hieraorrhage  outside  the  dura  mater  in  the  cervical 
und  upper  dorsal  r^'gion,  iu  a  girt  of  fourteen,  caused  only  very 
gradual  weakness  in  the  arm*,  and  difficulty  of  breathing,  from 
ubich  she  died  at  the  end  of  a  fortnight.*  Such  a  case  illustrates 
tho  almost  universal  law  that  there  ia  hardly  any  "  cbaracteristio" 
symptom  of  a  disease  that  is  not  sometimes  absent,  and  that  the 
•  K.  Jackson,  ■  LiiucoC,'  18UU,  )i.  5. 
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absence  of  such  symptomB  baa  incomparable  leea  aignificance  tlian  tbei 
presence. 

The  eymptoms  of  meningeal  bfemoirbage,  in  acute  cases,  usuall'' 
reacb  their  height  in  two  or  three  hours,  but  aometimes  not  for  a  few 
dajs.  Death  may  occur  when  the  effects  are  fully  deTelo)ifd  j  or,  after 
the  symptoms  have  reached  their  beigUt,  they  may  decline,  to  ba 
renewed,  a  day  or  two  later,  by  secondary  raeningitis.  Tliis  is  accom*. 
pauied  by  some  pyrexia,  and  may  cause  death  ;  but  if  moderate,  tlMFj 
symptoms  of  iaUamTuation  last  a  week  or  ten  days,  and  then, 
favorable  cases,  permanent  iniprovement  commences. 

The  period  of  the  diueaae  at  whiuli  deutb  is  most  common  is  a  f^i 
hours  after  tbe  onset  of  tbe  aviuptoma.  It  may  be  due  to  exhaust  ion, 
inconsequence  of  the  violeai;e  of  tbe  pain  and  spasm,  but  is  mure 
often  caused  by  the  iQterfereu<-'e  with  respiration  tbat  reaulls  from  tbe 
conjoined  effect  of  tbe  palsy  and  spasm. 

Diagnosis. — In  cases  in  which  definite  symptoms  are  produced, 
the  diagnosis  rests  oti  the  combiimtion  of  sudden  local  puin  in  the 
back,  with  the  other  evidence  of  irritation  of  the  membrauee,  nerve- 
roots,  and  cord,  above  enumerated.  When  the  btemorrhage  ia  of 
traumatic  origin,  the  fact  tbat  tbe  symptoms  rapidly  followed  an 
injury  facilitates  the  diagnosis.  In  the  extremely  rare  cases  in  wbjob 
the  eymptums  come  on  insidiously,  without  pain,  tbe  diagnosis  of  the 
exact  nature  of  the  disease  is  scarcely  possible. 

In  heemorrbage  into  the  substance  of  tbe  cord,  vertebral  pain  is 
much  more  frequently  absent  than  in  meningeal  heemurrhnge,  and 
when  it  occurs  is  less  intense  and  does  not  sjiread.  Tbe  symptoms  of 
injury  to  tbe  cord  itself  are  prominent  from  the  commencement;  there 
is  sudden  paralysis,  it  may  be  at  first  partial,  and  rapidly  increasing; 
even  if  there  is  some  apioal  pain  at  tbe  onset,  tbe  loss  of  power  is 
soon  reco^jnised,  not  being  concealed  eilber  by  tbe  severity  of  tbe 
pain  or  by  spasm.  In  meningeal  btemorrhage,  severe  pain  and 
symptoms  of  irritation  usually  precede  considerable  paralysis.  In 
cases  which  recover,  the  paralytic  symptoms  are  more  persistent  when 
the  btemorrhage  ia  into  tbe  substance  of  tbe  cord.  But  hnmorriiage 
into  tbe  cord  often  breaks  tbrough  into  tbe  membranes,  and  tbe  sym- 
ptoms of  both  lesions  are  tben  combined. 

Meningitis  is  distiiiguisbed  by  the  more  gradual  onset  of  the 
svmptouis  and  by  tbe  presence  of  fever  from  the  first;  the  fact  tbat 
inflammation  results  from  hiemorrhage  must  be  kept  in  mind.  lu 
myelitis,  pain  is  ccmmonly  absent,  and  the  symjitouisof  irritation  are 
insignificant.  Tbe  diagnosis  from  tetanus  depends  on  tbe  absence  of 
trismus,  ou  the  presence  of  severe  spinal  paiug,  and  on  the  8ud( 
onset.  In  newly-born  children  the  diagnosis  is  supposed  to  be 
cult,  but  during  the  first  few  hours  or  days  tbe  t«lanoid  aympt 
which  sometimes  occur  are  the  result  of  meningeal  hsmurrha^ 
injurv  to  ihe  motor  cortex. 

One  case  of  spinal  brnmorrbage  has  been  recorded  in  which 
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fjmptoms  very  closely  simulated  those  of  strjcbmne  poisoning. 
Violent  {Mkrozjsms  of  muscular  spasm,  with  intense  general  pain,  but 
irithout  spinal  pain,  followed  by  death  in  two  hours,  were  apparently 
due  to  an  eztensive  bsemorrhage  into  the  sac  of  the  dura  mater.* 
Analysis  revealed  no  strychnia  in  the  stomach.  In  such  a  case  the 
dia^oeis  would  have  to  be  guided  as  much  by  circumstantial  evidence 
as  by  the  symptoms,  and  eyen  the  post-mortem  discovery  of  hsemor- 
Thage  could  only  be  received  as  evidence  of  the  cause  of  the  convulsion 
if  no  other  were  found. 

Prognosis. — In  all  severe  case^,  death  in  a  few  hours  is  to  be 
feared.  The  prognosis  only  becomes  less  grave  when  the  symptoms 
have  distinctly  reached  their  height,  although  there  is  still  some  danger 
until  the  period  of  secondary  inflammation  is  over.  Paralytic  sym- 
ptoms often  persist  for  some  time,  but  even  these,  in  the  end,  may 
pass  away.  At  the  onset,  the  prognosis  must  be  governed  by  the 
rapidity  with  which  the  symptoms  develop  and  by  the  seat  of  the 
disease.  Hsemorrhage  in  the  cervical  region  is  especially  serious, 
because  the  mechanism  for  breathing  is  directly  involved. 

Tbxatmsht. — The  first  point  to  secure  is  absolute  rest.  Even 
passive  movement  should  be  avoided.  Posture  is  also  of  most  urgent 
importance.  It  should  be  on  the  face  or  side,  and  not  on  the  back,  so 
that  the  spine  may  not  be  the  lowest  part.  The  prone  position  for  a 
few  hours  adds  greatly  to  the  chances  of  less  damage.  Venesection 
has  been  employed  in  strong  individuals,  with  the  object  of  arresting 
hemorrhage  by  rapidly  lowering  the  blood-pressure.  Leeches  or  wet 
cupping  to  the  spine,  or  leeches  to  the  anus,  have  also  been  recom- 
mended in  cases  in  which  venesection  is  unadvisable.  It  is  probable 
that  the  local  abstraction  of  blood  does  more  in  this  than  in  most 
internal  hemorrhages,  on  account  of  the  communication  between  the 
venous  plexuses  and  the  veins  in  the  retro-vertebral  tissues ;  and  it 
is  probable  that  the  wisest  treatment  at  the  onset  would  be  scarifica- 
tion beside  the  spine,  opposite  the  seat  of  pain,  the  blood  being 
allowed  to  flow  freely.  This  may  be  followed  by  the  application  of 
ice  and  by  the  administration  of  ergotine  by  the  skin  or  mouth. 
Afterwards  the  bowels  should  be  freely  opened.  Sedatives  are  usually 
required  to  relieve  the  pain.  The  stage  of  meningitis  must  be  treated 
on  the  principles  laid  down  for  the  management  of  the  acute  form  of 
that  disease.  The  residual  palsy  requires  treatment  by  electricity,  &c, 
in  the  same  manner  as  the  consequences  of  meningitis. 

In  extra-meningeal  heemorrbage  it  seems  justifiable  to  remove 
blood  that  is  compressing  the  cord,  by  opening  the  canal  and  perhaps 
even  washing  out  the  canal  with  an  astringent  and  antiseptic  solution. 
Even  when  the  blood  is  within  the  dura  mater,  the  ooeration  seems  to 
deaerve  considoration  if  life  is  threatened. 

•  Dixon,  *  L«ncet,'  1870,  p.  833. 
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DISEASES  OF  THE  SPINAL  CORD. 


ANEMIA  AND  HYP  KR^ MIA  OP  THE  SPINAL  CORD. 

The  condition  of  the  yesseU  of  the  spinal  oord  after  death,  theii 
fulness  or  emptiness,  affords  no  indication  whaterer  of  their  state 
during  life.     Inferences  as  to  the  ante-mortem  state,  drawn  from  the 
post-mortem  condition,  are  altogether  erroneous,  with  the  rare  exoep. 
tion  of  local  change,  in  which  the  vascular  condition  of  one  pait 
differs  from  the  rest.     Practically,  such  local  variation  occurs  only  at 
part  of  a  local  lesion,  as,  for  instance,  in  the  hjpersBmia  that  attendi 
inflammation,  and  the  anssmia  that  results  from  pressure.    Hence 
the  occurrence  of  variations  in  the  state  of  the  vessels  of  the  cord, 
and  the  effects  that  such  variations  may  produce,  are  matters  of 
inference  from  symptoms  observed  during  life — symptoms  that  are, 
in  themselves,  open  to  various  interpretations.     Where  the  ground  is 
barren  of  facts,  theory  is  always  luxuriant.     Anssmia  or  congestion  of 
the  cord  affords  a  ready  explanation  of  symptoms  the  cause  of  which 
is  unknown,  and  it  is  scarcely  surprising,  therefore,  that  such  aa 
explanation  has  been  often  given.    But  the  extent  to  which  the 
conditions  have  been  invoked  transcends  any  measure  of  justificatioD, 
and  surprise  cannot  but  be  felt  at  the  absolute  confidence  and  pre- 
cision of  detail  with  which  these  states  have  been  assumed  to  exist, 
when  there  has  been  no  tittle  of  definite  evidence.     Positive  asser- 
tions  always  receive  some  credence,  however  unwarranted  the  asser- 
tions may  be,  and  positions  incapable  of  proof  are  sometimes  also 
incapable  of  disproof.     It  would  be  a  futile  and  useless  task  to 
attempt  to  refute  in  detail  the  various  statements  that  have  been 
made  regarding  the  influence  of  anssmia  and  hypersemia  of  the  spinal 
cord.     It  will  be  sufficient  to  point  out  briefly  what  may  be  reasonably 
surmised  regarding  these  morbid  states. 

Anemia  of  the  Cord. 

Permanent  diminution  in  the  hlood-iupply  to  considerable  areas  of 
the  spinal  cord  must  be  a  result  of  the  general  narrowing  of  the 
arteries  that  has  been  met  with  in  some  cases  of  chronic  meningitis ; 
but  it  is  then  associated  with  structural  changes  in  the  organ,  the  effects 
of  which  obscure  any  symptoms  that  can  be  ascribed  to  the  ansdmia. 
Nothing  is  practically  known  of  the  special  consequenoes  of  this 
condition.  The  same  statement  may  be  made  of  the  arrest  of  the 
blood-supply  to  limited  areas,  although  it  may  safely  be  asserted  that 
loss  of  function  of  the  part  must  be  a  necessary  consequence.  This 
has  been  also  demonstrated  by  experiment.  Suddenly  produced, 
anaemia  at  once  abolishes  function  and  quickly  causes  necrosis  of  the 
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Derre-el^menta — some  of  wbioh,  howeTer,  break  up  less  rapidly  than 
others,  aod  retaio»  for  a  longer  time,  the  power  of  resuming  function 
if  the  blood-supplj  is  restored.  It  is  possible  that  such  local  arrest 
of  the  circulation  is  the  initial  process  in  some  organic  lesions  of  the 
eord,  but  the  &ct  has  still  to  be  demonstrated.  The  question  of  the 
oocarrence  of  embolism  is  referred  to  in  a  separate  section. 

Tramieni  diminutioH  in  (he  hlood-supply  maj  conceivably  be  the 
result  of  imperfect  embolism,  but  has  not  been  proved  to  have  this 
origin.  It  is  sometimes  supposed  to  be  due  to  arterial  spasm, 
dependent  on  the  vaso-motor  nerves.  This  has  been  assumed  as  an 
explanation  of  certain  passing  symptoms  occasionally  complained  of, 
loM  of  power  in  the  legs,  and  sensory  disturbance,  tingling,  "pins 
and  needles,'*  ^.,  in  the  legs  and  arms.  It  may  possibly  also  be 
the  oause  of  the  tetanoid  cramp  and  tingling  in  the  hands  with  which 
patients  sometimes  wake  up  during  the  night.  The  theory  is  tenable, 
bat  it  is  also  conceivable  that  such  symptoms  are  due  to  transient 
fanctional  states  of  the  nerve-cells  of  the  cord.  A  functional 
derangement  of  these  cells  must  be  the  immediate  cause  of  the 
q^mptoms,  whether  such  derangement  is  primary  or  is  produced  by 
ipasm  of  the  vessels.  The  opinion  that  the  "  nocturnal  tetany  "  (as 
it  may  be  called)  has  the  latter  origin  is  supported  by  the  fact  that 
the  occurrence  of  the  symptom  may  be  prevented  by  a  small  dose  of 
digitalis,  taken  at  bedtime. 

The  curious  symptom  known  as  '*  intermitting  lameness  "  (which 
would  be  better  termed  "  paroxysmal  lameness ")  is  supposed  to 
depend  on  temporary  diminution  of  the  blood-supply  consequent  on 
arterial  degeneration,  but  it  is  not  known  whether  the  seat  of  this  is 
the  spinal  cord  or  the  brain.  The  character  of  the  symptom  suggests 
the  former,  but  its  associations  the  latter,  and  it  is  not  known  that 
the  arteries  of  the  cord  are  ever  the  seat  of  atheroma  in  the  cases  in 
which  this  condition  causes  the  cerebral  symptom  commonly  associated 
with  it,  "  dyslexia,"  a  peculiar  intermitting  difficulty  in  reading  which 
will  be  described  in  vol.  ii.  The  lameness  consists  in  a  sudden 
weakness  and  stiffness  of  one  leg,  accompanied  with  tingling  and 
blunting  of  sensibility,  and  of  pain  on  an  attempt  to  use  it.  The 
symptoms  are  increased  by  an  effort  to  continue  walking,  and  pass 
away  after  a  rest  of  ten  minutes  or  so,  usually  returning,  on  renewed 
exertion,  again  and  again.  The  difficulty  only  occurs  during  exertion. 
It  is  familiar  to  veterinary  surgeons  as  occurring  in  horses.  The 
dyslexia  with  which  it  may  be  associated  is  of  grave  significance,  as  the 
oerebral  cause  seems  always  to  have  a  strongly  progressive  character. 

In  generai  atuemia,  such  as  occurs  in  chlorosis  laid  pernicious 
anemia,  the  nutrition  and  function  of  all  organs  suffer,  and  the  spinal 
oord  shares  the  general  state.  The  readiness  with  which  fatigue  of 
the  legs  is  induced  in  such  conditions  may  be  due  to  the  spinal  cord 
as  well  as  to  the  muscles.  The  legs  often  ache,  and  are  sometimes 
the  seat  of  various  disordered  sensations.     It  is  probable  that  these 
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are  the  result  of  the  impaired  nutrition  of  the  nenre-elements,  in  ooa. 
sequence  of  which  their  functions  are  readily  deranged.  In  some 
patients  graver  symptoms  occur, — weakness  of  the  legs,  sometimei  ot 
the  arms  also,  which  may  increase  slowly  to  complete  panUjgiB. 
Sensation  and  the  sphincters  are  usually  unaffected.  The  nature  of 
these  cases  is  uncertain.  It  is  probable  that  many  are  cases  of  what 
is  called  hysterical  paraplegia.  Others  may  be  due  to  organic  changes 
induced  by  the  anssmia.  The  well-established  fact  that  optic  neuritis 
may  result  from  chlorosis  is  interesting  as  proof  of  the  intensity  of 
changes  in  nerve-structures  which  an£Bmia  may  excite.  The  cases  of 
chlorotic  paraplegia  are  very  rare,  and  need  further  study. 

In  the  quantitative  ansemia  that  results  from  loss  of  blood,  besides 
the  symptoms  just  described,  paraplegia  sometimes  comes  on,  under 
conditions  which  exclude  the  idea  of  hysteria.  The  source  of  the 
hsBmorrbage  has  most  frequently  been  the  stomach,  kidneys,  and 
uterus.  The  paralysis  is  usually  motor  only,  but  Leyden  has  observed 
accompanying  hyperapsthesia.  It  may  come  on  a  few  hours  or 
days  after  the  loss  of  blood,  or  only  at  the  end  of  one  or  two  weeb. 
Most  cases  recover.  The  pathological  process  which  causes  the  para- 
lysis is  not  known.  The  loss  of  power  is  comparable  to  the  loss  of 
sight  which  occurs  from  the  same  cause,  and  in  which  there  may  he 
no  visible  morbid  change,  or  inflammation  may  be  found,  sometimei 
succeeding  the  loss  of  sight,  and  therefore  to  be  regarded  as  a  result 
of  the  derangement  of  the  nerve-elements,  or  of  the  influence  to  which 
this  is  due,  rather  than  the  cause  of  the  amaurosis. 

The  treatment  of  the  symptoms  due  to  general  anssmia  is  of  coune 
essentially  the  improvement  of  the  blood-state.  Symptoms  which  can 
be  ascribed,  with  probability,  to  vaso-motor  spasm  may  be  prevented 
by  drugs  that  cause  a  more  uniform  arterial  tone,  such  as  digitalis  or 
belladonna,  coupled  with  uux  vomica  or  strychnia^  to  render  the  effect 
permanent. 
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The  conditions  of  the  return  of  venous  blood  from  the  cord  probably 
shield  it  effectually  from  the  mechanical  congestion  from  which 
almost  every  other  organ  of  the  body  suffers  when  the  movement  of 
blood  through  the  thorax  is  hindered.  The  chief  mechanical  conges- 
tion to  which  the  cord  is  liable  is  that  which  results  from  the  influence 
of  gravitation,  and  occurs  when  a  person  is  lying  on  the  back.  TbB 
distension  of  the  veins  outside  the  dura  mater,  and  also  of  thost  of 
the  pia  mater,  which  occurs  when  the  heart  has  ceased  to  aet»  andlli* 
blood  is  free  to  obey  the  only  mechanical  force  which  then  acts  ii|nm 
it,  sufficiently  proves  the  power  of  gravitation  to  congest  tbd  eoid. 
But  it  is  not  probable  that  gravitation  hat  snything  lifca  {ha 
influence  during  life,  counteracted,  ai  it  then  is,  hj  SMOj 
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Some  persons  with  imperfectlj  noarished  cords  (easily  fatigued, 
liable  to  tingliog,  &a,  in  the  legs)  sufEer  from  aching  in  the  legs  or 
•pine  when  thej  lie  on  the  back.  Since  this  ceases  when  the  pos- 
ture is  changed,  it  is  probably  due  to  the  mechanical  congestion  of  tho 
cord  or  membranes.  It  is  doubtful  whether  any  other  symptoms  can 
be»  with  confidence,  assigned  to  mechanical  congestion. 

Of  actiye  congestion  our  definite  knowledge  may  be  summed  up  in 
the  statement  that  it  occurs  in  the  early  stage  of  inflammation.  We 
know  nothing  of  it  as  an  independent  condition.  Neyertheless  many 
|»ages  might  be  filled  by  the  enumeration  of  the  various  symptoms  of 
congestion  of  the  spinal  cord, — in  which  the  unrestricted  play  of 
*'  scientific  '*  fancy  has  elaborated  a  symptomatology  for  the  separate 
congestion  of  every  part  of  the  spinal  cord.  Probably  the  only  case 
in  which  we  are  warranted  in  suspecting  a  primary  active  congestion 
of  tbe  cord  or  membranes,  is  that  in  which  symptoms  identical  with 
those  of  commencing  myelitis,  and  following  a  cause  of  myelitis,  pass 
a?ray  in  the  course  of  a  few  days.  These  cases  will  be  mentioned  in 
tbe  account  of  inflammation  of  the  cord. 

An  active  congestion,  which  may  be  called  secondary,  seems  to 
result  from  prolonged  and  violent  action  of  the  nerve-elements  of  the 
spinal  cord.  Thus  local  dilatation  and  distension  of  vessels,  migration 
of  leucocytes  into  the  sheath  and  into  the  adjacent  tissue,  and  even 
small  extravasations,  are  found  in  some  cases  of  hydrophobia,  of 
tetanus,  and  of  strychnine  poisoning,  and  it  is  probable  that  a 
similar  congestion  attends  all  violent  physiological  activity,  violent 
and  continued  muscular  exertion,  coitus,  &c.  Coitus  several  times 
repeated  has  been  known  to  cause  hsemorrhage  within  the  cord  which 
mnst  be  preceded  by  an  intense  congestion.  Vascular  dilatation, 
with  an  increased  blood-supply,  is  the  physiological  attendant  of 
functional  activity  in  all  organs,  and  doubtless  also  in  tbe  cord,  but 
it  is  morbid  only  when  excessive.  It  is  doubtful  whether  it  causes 
symptoms  unless  it  goes  on,  as  it  probably  may,  to  actual  inflamuiation. 


INFLAMMATION    OP   THE   SPINAL   CORD; 

MYELITIS. 

Inflammation  of  the  spinal  cord  is  a  common  lesion  in  the  acute, 
•nbftonte,  and  ohronio  forms.  It  usually  caust's  a  considerable 
diminntion  of  oousistence,  and  hence  the  term  **  softening  of  the  spinal 
eoid'*  has  been  used  as  a  synonym  for  it.  But  the  term  is  not 
aeeimte,  becftiue  inflammation  does  not  always  cause  softening,  and 
%  dinuDntioii  of  ooDiistence  may  occur  without  inflammation. 


SCO  SPINAL   CORD. 

The  spinal  cord  dilTers  from  most  other  structures  id  that  its  powei 
of  recovering  functional  capacity  after  damage  bj  inflammation  iB 
comparativelj  small.  The  symptoms  persist  for  a  long  time,  and  are 
not  unfrequently  permanent.  Hence  the  distinction  between  acute 
and  chronic  inflammation  is  to  be  drawn,  not  from  the  whole  coune 
of  the  disease,  but  from  the  mode  of  onset.  It  is  this  which  indic&tei 
the  character  of  the  morbid  process.  Acute  myelitis  is  that  form  in 
which  the  symptoms  indicating  inflammation  of  the  cord  come  on 
rapidly  and  reach  a  considerable  height  in  a  short  time,  in  less  than 
two  weeks.  When  the  onset  occupies  from  two  to  six  weeks  the 
inflammation  is  regarded  as  subacute.  When  a  still  longer  time 
elapses  before  the  symptoms  reach  a  considerable  degree  of  intensitj 
the  myelitis  is  termed  chronic.  There  is,  of  course,  no  sharp  distinc- 
tion between  these  classes.  The  subacute  and  acute  forms  maj  be 
conveniently  described  together.  Other  varieties  are  based  on  the 
distribution  of  the  disease.  The  grey  matter  may  be  affected  onlj  or 
chiefly,  polio'tiiyelitis  (from  roXios,  grey),  a  form  that  has  distinctive 
characters  which  make  its  separate  description  desirable.  When 
the  whole  thickness  of  the  cord  is  affected  in  a  small  vertical  extent 
the  myelitis  is  said  to  be  transverse.  This  is  one  of  the  most  common 
forms.  When  an  extensive  area  of  the  cord  is  contin uously  inflamed  the 
myelitis  is  said  to  be  diffuse ;  when  one  small  area  is  affected  the 
iufliimmation  is  called  focal ;  when  there  are  many  foci  contiguous 
or  distant  the  myelitis  is  said  to  be  disseminaied.  Inflammation 
of  the  grey  matter,  around  the  central  canal,  extending  into  the 
intermediate  grey  substance  and  to  a  less  extent  into  the  cornua,  hai 
been  termed  central  myelitis.  A  further  important  distinction  ia  that 
between  partnchymatous  myelitis,  an  acute  affection  beginning  in  the 
nerve-elements,  and  the  interstitial  form,  which  begins  either  in  all 
the  elements  or  in  the  connecting  tissue,  and  in  which  vascular  dii- 
turbance  takes  a  prominent  part.  The  latter  is  the  commou  form  of 
myelitis,  whether  transverse  or  disseminated,  but  the  former  is  of 
importance  on  account  of  the  limited  class  of  svmptoms  to  which  it 
gives  rise  and  of  its  special  causal  relations.  Tiiis  distinction  ia 
already  familiar  in  regard  to  multiple  inflammation  in  the  nerves. 


Acute  Myelitis, 

Etiology. — Bcmofe  causes. — Little  is  known  of  the  influence  of 
hereditary  predisposition,  but  myelitis  is  sometimes  met  with  in 
members  of  families  in  which  other  evidence  of  a  neuropathic 
tendency  can  be  traced.  Males  suffer  more  frequently  than  females. 
It  may  occur  at  all  ages,  but  the  form  which  occurs  in  young  children 
is  usually  confined  to  the  anterior  cornua ;  other  forms  of  myelitis 
are  most  com u?  on  between  ton  and  forty  years. 

Immediate  causes. — Myelitis,  acute  and  subacute,  is  readily  pro* 


duc^  hj  JDJnripa  to  the  card  of  all  kiocls,— lacerations,  bruiseB,  and 
punclured  wounds.  It  also  seoms  to  fulJow  simple  coouussion,  but  in 
many  of  tlieae  cases  tbiire  hare  been  minute  foci  o£  structural 
damage.  The  mjctitis  produced  by  coacusaion  is  often,  however,  far 
more  eitensive  tlian  the  pnmni'y  lesion,  for  the  latter  muy  cause  few 
symptoms,  and  a  few  days  later  a  complete  transverse  myelitis  may 
develop.  Htemorrhage  into  tlie  cord,  especially  of  traumatic  origin, 
may  have  a  siiailar  eUect ;  it  may  be  followed  after  a  short  interval 
by  eitensive  myelitis.  In  coses  ia  which  an  interval  of  more  than  a 
few  days  elupaes,  pain  in  the  spine  may  show  that  a  morbid  process 
ia  going  on  by  which  the  myelitis  is  produced.  Thus,  in  one  case  of 
Bcule  myelitis,  two  weeks  after  a  fall,  there  was  continuous  pain 
during  the  interval,  corresponding  to  the  seat  of  tbe  later  inflamma- 
tion. ConcuBsion  also  sets  up  the  subiicute  form  of  myelitis,  and 
this  is  especially  common  after  railway  oi'cideuts  (see  Traumatic 
Lesions). 

Allied  to  injury  aa  a  cause  is  violent  action  of  the  muscles  attached 
to  the  spinal  column,  wbich  has  sometimes  appeared  to  be  the  sole 
agent  in  producing  an  acute  inflammation  in  tbe  adjacent  part  of  the 
epinal  cord.  The  disease  baa  been  known  to  follow  a  single  violent 
contraction  of  the  dorsal  muscles,  as,  for  instance,  a  successful 
but  violent  effort  to  prevent  a  fall.  It  is  possible  tbat  there  ia  an 
actual  injury  to  the  cord  in  tlieae  cases,  but  more  probably  iallam- 
matioa  ia  set  up  in  the  fibrous  tissues  of  tbe  vertebral  column  or 
nerve-roots  aud  spreads  to  the  cord.  It  ia  also  possible  that 
:»>mpreHaion  of  tbe  vessels  may  be  concerned  in  the  mechanism.  In 
several  cases  the  disease  has  resulted  froui  attempts  to  lift  heavy 
weights.  Thus  a  man,  two  diiya  after  aucb  au  attempt,  became 
rapidly  paraple^;ic,  and  ultimately  died;  softening  of  the  cord  was 
found  at  the  level  of  the  fifth  and  sixth  cervical  vertebrw.  Slow 
com |iree Dion  (.q.v.)  ia  coustauily  attended  by  inflammation  in  the 
compressed  port;  the  myelitis  thus  set  up  m^y  have  an  inUepeudeut 
course,  acute  or  subacute,  and  may  not  bo  proportioned  to  the 
pressure.  In  cancer  of  the  vertebral  bonea,  for  inatance,  very  alight 
pressure  may  cause  an  acute  inSammation ;  there  is  probably  some- 
times an  extension  of  iullLimmation  to  tbe  eord  from  the  external 
disease,  but  such  extension  is  not  necessary  for  the  occurrence  of  the 
myelitis;  the  inner  surface  of  the  dura  materia  often  normal.  Acute 
myelitia  also  results  from  internal  meniugitia,  in  which  some  degree 
of  invasion  of  tbe  cord  is  almost  invariable. 

Another  exciting  cause  is  exposure  to  cold,  eapeoially  when  the 
body  ia  heated,  lying  on  damp  grass  or  on  anow,  bathing  in  cold 
water,  £c.  This  cause  has  been  aupposcil  to  act  by  auppressionof  the 
functions  of  the  skin,  since  myelitis  baa  been  produced  by  varnishing 
tbe  skin  of  animals.*  but  it  is  unlikely  that  this  ia  the  sole  mechanism. 

*  Feinhei^, '  TiTcliow'i  Arcbiv,'  Bd.  lix.  In  Viil)4au'l  Inlorntur)'  limUsr  eiperi- 
mnufulod. 
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Exposure  of  the  back  to  cold  sometimes  seems  especiallj  effectire. 
Myelitis  has  been  prodaced  experimentally  in  rabbits  bj  freezing  the 
skin  of  the  back  with  ether  spray  (Feinberg).  It  is  probable  that 
cold  usuallj  acts  bj  the  mechanism  of  a  morbid  blood-state,  such  ai 
that  which  causes  rheumatic  fever,  but  which  cei-tainly  varies  greatly 
in  its  precise  character  and  pathogenetic  power.  It  is  also  certain 
that  local  exposure  frequently  causes  inflammation  in  organs  cone- 
spending  to  the  part  of  the  surface  that  is  especiallj  chilled,  although 
this  influence  may  be  chiefly  to  determine  the  incidence  of  the  effect 
of  the  blood-state.  In  myelitis  from  cold,  local  exposure  can  seldom 
be  traced,  and  the  common  mechanism  is  probably  that  of  a  blood- 
state.  It  is  instructive  to  compare  the  analogous  facts  regarding  the 
causation  of  multiple  neuritis.  Over-exertion  is  another  powerful 
cause,  and  is  especially  effective  when  combined  with  insufficient 
food,  and  exposure  to  cold. 

The  sudden  suppression  of  the  menses  and  of  other  habitual 
discharges  has  been  supposed  to  cause  the  disease.  In  most  in- 
stances  of  the  kind  there  has  also  been  exposure  to  cold,  to  which  the 
suppression  and  the  myelitis  may  both  have  been  due,  and  it  ia 
impossible  to  say  how  far  the  former  has  been  concerned  in  the 
process.  Thus,  a  girl  sat  on  wet  grass  during  menstruation,  which 
was  immediately  arrested,  and  myelitis  followed,  a  day  or  two  kter. 
It  is  conceivable  that  the  sudden  arrest  of  the  discharge  may  lead  to 
a  morbid  state  of  the  blood,  or  modify  that  which  a  chill  alone  is 
capable  of  producing,  and  that  the  derangement  of  the  uterine  func- 
tions may  have  a  direct  influence  on  the  cord  and  dispose  it  to  suffer. 
It  is  noteworthy  that,  in  the  case  referred  to,  the  inflammation  was 
in  the  part  of  the  cord  to  which  the  pelvic  organs  are  related,  the 
lumbar  region. 

Functional  over-action  of  the  cord  may  cause  inflammation  in  the 
part  that  is  thus  over-exerted.  It  has  been  already  mentioned  that 
long-continued  stimulation  of  the  sensory  nerves  may  cause  myeUtis 
at  tJie  spot  related  to  the  nerves  stimulated.  As  we  have  just  seen, 
active  function  everywhere  involves  vascular  dilatation,  which,  if 
excessive,  amounts  to  active  congestion,  and,  when  prolonged,  is 
attended  by  the  escape  of  leucocytes  that  renders  the  condition  one 
of  inflammation.  However  excited,  such  a  process  has  a  tendency 
to  independence  of  course,  and  to  proceed  beyond  the  d^^ree  cone* 
sponding  to  its  cause.  It  is  especially  local  functional  over-action 
that  has  a  tendency  to  cause  myelitis.  Thus  the  affection  seems  to 
be  sometimes  produced  by  sexual  excesses.  Occasionally,  however, 
general  over-action  of  the  cord,  as  in  severe,  long-continued  exerw 
tion,  has  been  followed  by  the  disease.  In  one  case,  it  was  due  to 
lying  to  rest  on  damp  ground,  after  an  unusually  long  walk  on  a 
hot  day. 

Toxic  blood-states  constitute  a  well-marked  class  of  causes,  and 
their  influence  is  rendered  the  more  distinct  by  the  analogous 
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ion  of  multiple  nearitis.  Thej  maj  be  acate  conditiooB  dae  to  some 
Tganised  Tims,  perhaps  allied  to  those  that  produce  the  acute  specific 
iseasea.  Inflammation  of  the  cord  occasional! j  comes  on  in  the 
oune  of.  or  after,  tjphus,  tjpboid,  and  especially  yariola  and 
aaaslee.  as  well  as  acute  rheumatism  and  seyere  puerperal  diseases. 
I?he  onset  maj  be  during  the  acute  disease,  at  anj  period  after  it 
IAS  existed  for  about  a  third  of  its  duration,  or  it  maj  occur  during 
ionTalesoence,  or  a  month  or  more  after  the  disease  is  oyer.  Whether 
ijphilis  is  a  cause  of  acute  myelitis  is  a  question  on  which  opinions 
iifier.  Attacks  of  acute  myelitis  are  not  uncommon  in  syphilitic 
lubjectSy  and  it  seems  on  the  whole  probable  that  there  is  a  causal 
relation  to  syphilis,  although  it  remains  to  be  ascertained  whether 
the  mechanism  is  by  disease  of  the  yessels,  such  as  is  fouud  in  the  pia 
mater  in  some  cases,*  or  whether  it  is  by  the  agency  of  a  blood-state. 
The  myelitis  that  occturs  in  acute  specific  diseases  is  probably  due  to 
the  Tirus  of  the  primary  disease,  or  to  a  product  of  it,  and  the 
fsct  that  the  inflammation  is  commonly  disseminated  suggests  that 
•ome  specific  organisms  haye  a  tendency  to  fix  themselves  in  the 
ipinal  cord  and  set  up  inflammation.  In  diphtheritic  paralysis 
the  cells  of  the  oord  may  present  changes  that  amount  to  a  paren- 
chymatous myelitis.  The  fact  that  chronic  changes  in  the  cord  may 
be  a  late  effect  of  syphilis  (as  in  tabes)  makes  it  the  more  easy  to 
eonceiye  that  acute  processes  should  sometimes  occur  in  an  earlier 
stage  of  the  disease. 

In  another  class  of  diseases,  a  special  influence  of  the  yirus  appears 
to  be  associated  with  the  results  of  functional  oyer-action.  This 
effect  is  especially  seen  in  hydrophobia.  In  some  cases  of  this  disease, 
foci  of  a  somewhat  diffuse  myelitis  of  slight  degree  are  conspicuous 
.on  microscopical  examination.  Still  more  intense  myelitic  changes 
are  sometimes  met  with  in  the  chorea  of  the  dog,  although,  in  other 
instances,  the  cord  is  normal. 

Chronic  blood-states  and  constitutional  conditions  may  also  cause 
acute  myelitis.  Alcoholism  is  an  occasional  cause,  and  frequently 
produces  the  subacute  form.  The  most  potent  agent  of  this  class 
is  gout.  This  is  known  to  be  a  frequent  cause  of  inflammation  in 
yarious  structures, — of  the  nerves  among  the  rest ;  and  cases  of  acute 
and  subacute  myelitis  are  met  with,  especially  of  the  disseminated 
and  relapsing  forms,  for  which  no  other  cause  can  be  discoyered. 
In  one  such  case  the  patient  had  but  lately  recoyered  from  a 
seyere  and  prolonged  attack  of  gouty  inflammation  of  several  intra- 
ocular structures.  Like  other  chronic  general  causes,  gout  probably 
often  acts  as  a  predisponent  when  the  malady  is  excited  by  some 
other  cause. 

Irritation  and  inflammation  of  peripheral  organs,  as  the  uterus, 
Uadder,  kidneys,  intestine,  Ac,  has  been  supposed  to  be  an  occasional 

e  Boddeii  paimplegia  occurxed  in  s  esse  in  which  there  wis  diifoie  arteritis  tap- 
poMd  to  U  qrpbilitie  (Sehmaus,  *  Arch.  f.  kl.  Med.,'  1889). 
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cause,  but  this  influence  is  exceedingly  doubtful,  except  in  tlie  rare 
oases  in  which  inflammation  of  a  nerve  ascends  to  the  cord.  In  a 
considerable  number  of  cases  we  are  able  to  discoyer  no  cause  to  which 
myelitis  can  be  ascribed.  Many  of  these  are  probably  due  to  a  blood, 
state  which  may  have  no  other  consequences  or  may  also  cause 
simultaneous  inflammation  elsewhere. 

Pat  HO  LOGICAL  Anatomy. — In  recent  acute  inflammation  of  the 
cord,  the  pia  mater,  at  the  afifected  part,  is  usually  red  and  vascular, 
and  the  cord  itself  may  be  slightly  swollen.  Its  tissue  is  reddened  and 
often  marbled  from  distended  vessels,  and  the  distinction  between 
white  and  grey  matter  is  indistinct  and  lost. 

The  diminution  of  consistence  which  occurs  in  acute  inflammation 
may  be  so  great  that  the  affected  part  is  diffluent,  like  cream,  and 
flows  out  when  the  pia  mater  is  divided.     It  does  not  follow  that  the 
consistence  is  lessened  to  this  degree  during  life ;  post-mortem  soft. 
ening  occurs  more  readily  at  an  inflamed  part     When  the  vascular 
disturbance  and  extravasation  are  considerable,  the  condition  is  termed 
**  red  softening ;"  so  much  blood  may  be  effused  into  the  tissue  that 
the  part  looks  as  if  there  had  been  an  actual  hsBmorrhage,  and  in 
some  cases  an  extensive  extravasation  does  actually  exist ;  this  form 
is  termed  "  heemorrhagic  myelitis.''     If  the  inflammation  has  existed 
for  some  time,  the  effused  blood  is  altered  in  tint,  and  the  colour  of  the 
softened  part  may  be  rather  chocolate  than  red.     After  a  longer 
time  the  changes  in  the  blood-pigment  cause  the  colour  to  be  lighter, 
**  yellow  softening.''     In  many  cases  the  breaking  up  of  the  nerre- 
elemeuts  (partly,  as  just  stated,  post  mortem)  is  out  of  all  proportion 
to  the  extravasation  of  blood,  so  that  the  softening  is  "  white.'*    It  is 
said  that  red  and  yellow  softening  may  ultimately  become  white  from 
the  removal  of  the  blood -pigment,  but  the  evidence  of  this  is  inade- 
quate.     The  period  at  which  these  changes  of  colour  are  found  varies 
according  to  the  amount  of  extravasation  at  the  onset.    At  a  later 
period  the  yellow  or  white  opaque  aspect  is  changed  to  a  grey 
translucent  appearance,  from  the  absorption  of  the  fatty  products  of 
degeneration,   and  an   increase  in  the  connective  tissue.      If  the 
myelitis  is  very  limited  in  extent,  cavities  may  be  formed  within  the 
cord. 

The  microscopical  appearances  in  myelitis  vary  much  according  to 
the  duration  and  form  of  the  inflammation.  In  the  fresh  state  the 
most  conspicuous  objects  are  the  products  of  degeneration  of  the 
fibres,  granules  and  masses  of  myelin,  and  granule  corpuscles,  with, 
in  older  cases,  the  peculiar  bodies  termed  ''corpora  amylacea" 
(Fig.  93,  d).  With  these  are  numerous  red  blood-discs,  leucocyte- 
like corpuscles,  and,  after  the  flrst  week,  distinct  cells,  round,  oval, 
spindle-shaped,  or  angular,  with  nuclei  which  resemble  leucocytes  in 
size,  and  are  readily  mistaken  for  them.  Fragments  of  axis-cylinders 
may  also  be  seen,  graniilar  in  aspect,  and  with  irregular  swellings 
(Fig.  93,  a). 
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The  softeoed  and  even  diffluent  state  of  the  tisrae  prarente  ns  from 
iMraing  mach.  b;  microsoopical  eiamiiUtioD,  of  tlie  condition  of  the 
pmita  in  irhich  tlie  inflammation 
■■  iDtenu  and  diffuEu,  iecauee 
the  breaking  ap  of  the  tiaiae 
ftod  aeparation  of  the  fragments 
renden  it  impossible  to  obtain 
■ections  of  the  hardened  organ. 
It  is  onlv  where  the  infiamma- 
tion  18  less  intense,  or  less  uni- 
formly diffused,  that  a  thorough 
examination  can  be  made.  The 
prodacta  of  degeneration  are 
beet  Been  in  the  fresh  state  or  in 
sections  mounted  in  glycerine 
(Yig  98).  The  fragments  and 
globules  of  m  velin  in  part  occupy 
the  position  of  the  nerve-fibres 
from  which  they  have  come, 
is    part    are    ^^gregated    into 


Pio.  93.— HjelitU.  «,  an  irr^larly 
■wollen  Bxia-cyliDdrr.  h,  ■acUoa  ot 
Dmo-flbN  oitli  (wollen  aiii-ajrliDderi 
a,  KodoTi  of  vhiM  inbiMDce,  with 
eraunle-iiiMH*  >nJ  atropliied  berre- 
flbr««.  d,  corpon  mmvlaoca.  (From 
Lejden.) 


In  sections  rendered  trana- 
parent  in  the  ordinary  way, 
the  fatty  products  of  the  de- 
struction of  the  nerre-elements 
are  inTisible,  and  the  most  con- 
spicuous alterations  are  the  dila- 
tation of  Tessels,  which  is  often 
very  great,  and  the  accumulation  of  leucocytes  and  other  cell- 
elements  in  the  tissue  and  especially  about  the  vessels.  In  the  white 
substance  the  larger  Teasels  are  conspicuous  by  their  enlargement, 
and  in  the  grey  substance  the  dilated  arteries  and  capilUries  may 
occupy  a  considerable  part  of  tbe  tissue  (Figa.  94,  95,  a.).  The  nuclei 
of  the  capillaries  are  large  and  numerous.  The  walls  of  tbe  smaller 
arteries  are  encrusted  with  leucocytes  in  the  early  stage,  and,  later 
on,  in  both  white  and  grey  substance,  are  much  thickened  by  cells, 
the  nuclei  of  which  are  often  elongated  and  more  or  less  concen- 
tric to  the  lumen  of  the  vessel  (Fig.  98.  D).  Outside  tbis  tbiclcened 
wall  the  perivascular  sbeatb  is  enormously  distended,  at  first  by  leuco- 
cytes, among  which,  ofternards,  other  cells  are  mingled,  round, 
fusiform,  angular,  with  lencocyte-like  nuclei  (Fig.  98).  In  transverse 
seotioQ  this  distended  sheath  may  look,  at  first  sight,  like  an  enormously 
thickened  wall.  Ked  blood-corpuscles  distend  tbe  vessels  and  are  seen 
also  in  tbe  adjacent  tissue,  sometimes  uniformly  scattered  throngh  it 
(Fig.  98,  r),  sometimes  a^regated  in  small  eitravasations  due  to  tbe 
TUpturfl  of  minute  vessels.  Tbe  grey  substance  is  densely  set  mtli 
ronnd  corpuscles,  staining  det^ply,  many  of  which  are  the  nuclei  of 
VOL.  I.  20 
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small  fusiform  or  angular  celU  (Figs.  95,  a;  97.  »)  waue  the  ii 
veniog  substance  U  much  more  granular  than  in  nealTO,  Ibe  ner 
nells  are  much  swollen  and  granular,  often  coniain  Jisciuci  globul 
strongly  refracting,  and  prolmbly  fatty.  The  ceil-procesBes  appt 
Bhrifelled  or  lost  (Fig.  95,  a).  In  slight  cases  the  mat^ins  of  1 
cells  may  be  tesB  sharply  deGneil  thsji  in  health,  and  the  bodie 
may  contain  liirgu  vacuoles,  saiuetimL's  wholly  within  the  cells,  souiB^ 
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Fio.  95. — PortioDi  of  tbs  section  thowc  in  t)ie  lut  fljfnre,  more  hl^hlj  rnkgnlflad 
A,  (Tom  tha  It^ft  ant.  cornu ;  li^BtenilMl  capillsrie*  with  nninaniai  nnclei  i  largw 
tmwIb  with  >li gilt  ilittcnaloa  of  p«riv>t*ciilar  ihentlii;  Damsroni  roDnJmndiuUBtB 
calUi  gimglion-cell*,  ■wolieu,  MJth  ihrivellEd  proCFUM.  C,  from  front  of  poal. 
colmnn  i  tratlcred  nerve-Sbrei  lepariited  b;  ■iiior)khon>  iniit«iiiil  iu  whiob  imM 
call*  i^Au  \m  teeo,  cound  and  Iriu^ular,  loma  dutiuct.  otbara  induiinot.  vtaacl* 
with  tliidteiicil  w«Ut,  B,  from  near  the  poalrrtor  lurfacc.  ihova  aimilar  chancw 
lint  with  more  open  upaiei  from  which  ut!i't«-Ubi«i  liave  perUhed.  (From  Wctiuiia 
liopared  by  Dr.  Uui>«;,J 
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timei  partly  within  and  par tij  outside  them  in  a-uadjacentalbaDiiiioiU- 
looking  BDbstance.*  In  Bome  cases,  however,  especially  those  of 
di»8eininat«d  interstitial  myelitis  of  moderate  degree,  the  nerve-oells 
a]i[.>ear  little  changed  in  hardened  and  cleared  specimens,  although  a 
granular  condition  can  usually  be  seen  in  the  recent  state. 

In  the  white  substance,  cleared  sections  show  a  great  increase  and 
alteration  in  the  interstitial  tissue.  The  change  may  be  uniformly 
distributed,  or  greatest  in  the  neighbourhood  of  the  Ttseels  (Fig.  98, 
c).  The  increase  is  due  in  part  to  an  amorphous  material,  cootain- 
ing  nuclei  here  and  there,  some  of  which  belong  to  cells  such  as 
have  been  described  in  the  grey  subslaiice;  and  these  may  constitute 
Citensive  tracts  between  the  spaces  where  nerve-fibres  once  existed 
(Fig.  98).  In  older  cases  the  tissue  may  have  a  fibrous  aspect  in 
pUces.  The  lai^e  cells,  with  man;  processes  called  "spider  cells," 
or  '*  cells  of  Deiters,"  are 
often  conspicuous  objects 
(Fig.  96).  The  processes 
Mieud  between  the  nerve- 
fibres.  We  have  seen  (p.  165) 
that  their  existence  in  the 
normal  cord  has  been  doubted, 
but  in  the  inflamed  cord,  in 
which  they  are  enlarged, 
their  presence  is  distinct. 

The  changes  in  the  uerre- 
Sbres  vary  much.  They 
always  suffer  destructive 
changes,  but  the  products  of 
their  degeneration,  above 
described,  are  scarcely  to  be 
seen  in    cleared     specimens. 

The  slightest  change  in  the  myelin  appears  to  consist  in  an  alteration 
in  its  chemical  nature",  in  consequence  of  which  it  stains  more  readily 
than  in  health.  Fibres  are  thus  changed  adjacent  to  any  increase 
in  the  interstitial  tissue,  and  they  contrast  with  the  unstaine<l  healthy 
fibres  in  the  vicinity  (Fig.  97,  e).  Witu  or  without  this  change  in 
the  myelin,  there  is  an  irregular  swelling  of  the  axis-cylinders,  such 
as  is  seen  on  eiamiualton  in  the  fresh  state,  If  the  fibres  are  divided 
transversely  at  the  places  where  the  aiis-cyliuder  is  swollen,  this 
iip|iean  much  larger  thau  normal  (Fig.  93,  b).  Eiamples  of  this 
will  be  found  in  most  of  the  figures.  These  intense  degenerative 
changes  cause  the  breaking  up  of  the  mvelin,  and  may  involve  the 
destruction  of  the  fibre,  the  space  occupied  by  it  being  left  empty, 

*  Tli«  ai^ificBiice  of  thi*  TacunUtioD  hn*  been  much  diacnaied.  It  ia  probsblt 
tbat  tlic  viu^uoIpi  rorm  after  dviitli,  perhaps  during  tbe  priiceu  of  birdenin^,  bat 
ibat  ihi:}  do  not  form  uaWn  tlie  culli  bave  been  altered  bj  diieaie.  They  Lav«  thiu 
■sma  patbolugical  (JBuitlcuuce. 
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Id  other  cases,  hoireTer,  ttie  axig-cjlinder  perBiErts  and  i 
rounded  by  a  narrow  zone  of  myelin.     Often  a  large  number  of  Buch    , 
flhrunken  fibres  may  be  found  in  a.  part  whioh  at  first  sigbt  appeared 
devoid  of  fibrea,     Tbis  Bhriiiking  of  the  fibres  occurs  not  only  aa  tlie    ' 
result  of  pressure  on  them  by  the  connective- tissue  elements,  but  a" 
where  there  is  little  iuturslitial  change  and  no  compression. 


■to.  S7- — Aenta  tnnivfrM  ni.v»Htii,  fstal  in  tlrn*  weeks,  CkrmlM 
prppsntloiii.  A,  Mctton  tbrongh  most  diKKUd  pirt,  at  Bnt  InnilMr 
•rginrnt.  Koci  nf  in  Bam  mil  ion  gcntt^rDil  tlironeli  the  trholv  arat  at  tilt* 
eord.  uiMt  nbundint  in  tlie  poatrTLor  column!  (the  ippurent  enUrgameiit 
of  wbit'h  1*  probably  due  to  tbe  direction  of  tlie  lection).  DiiatiitiOD  of 
the  ocntral  cnnaL  B,  from  the  anterior  oornii  »l  A,  i,  a  dixtcnded 
*et*e1 ;  tlie  tjuue  rrammed  with  lymphoid  and  other  eella,anion^  which 
niD  nonnul  iierve-flbrse.  C,  from  the  poiterliT  colmnn.  A.o.  Tho  areiii 
*t"inii>g  ilteplj  are  Men  to  coneUt  orthii^keoed  ttabee aim.  lymphoid  sell', 
■marplioiii  ti->ae,  and  nliu  of  nerre-Bbree,  the  wliite  (ubiraiics  nf  which 
■tain*  with  carmino  while  tbkt  of  tbe  neighboariiiB  hualthf  SbrM  doea 
oot.» 


ibted  to  Dr.  Dreiehrrld  for  the  aection  from  which  thee*  driwlng*  sWj 

laiitfut  wa*  k  girl  aged  tweiiij-thrM  i  ptralj'U.  motor  anil  aenaorj. 
■t  the  Olid  or  tWJ  daje  ;  the  applivntion  by  her  ni'-thar  of  but  bottl'V 
laed  inch  I'ttonfin  ilDntchlng  alcera  that  amputntlon  of  on«  leg  •■< 
ar/  three  wveka  attar  the  ouiett  and  the  patient  died  tbe  Bcal  4af. 
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Tbe  relatiTe  amount  of  change  in  the  nerve-elements  and  in  the 
interstitial  tissue  varies  yerj  much.  In  some  cases  the  interstitial 
changes  are  evidcDtlj  primary ,  and  the  fibres  at  first  present  little 
change  in  slight  cases,  but  afterwards  are  altered  secondarily,  being 
Darrowed,  and  even  destroyed,  as  they  are  surrounded  and  enclosed 
by  the  products  of  the  inflammation.  In  other  places,  or  even  other 
parts  of  the  same  section,  there  is  but  little  increase  in  the  neuroglia, 
although  the  fibres  have  suffered  extensively ;  empty  s[>aees  are  limited 
bj  septa  but  little  thicker  than  normal,  although  with  more  nuclei, 
and  often  with  numerous  granules,  the  nature  of  which  is  uncertain. 
Occasionally  there  is  a  more  diffuse  change  in  the  white  substance ; 
the  neuroglial  tissue  is  increased  by  small  cells  and  amorphous 
material  in  such  a  manner  that  all  appearance  of  septa  and  spaces  is 
lost ;  a  few  nerve-fibres  are  included  in  it,  and  the  spider  cells  are 
very  conspicuous  objects,  their  processes  apparently  representing  the 
septa  that  exist  in  the  normal  condition  (Fig.  96). 

The  distribution  of  these  changes  is  very  variable.  The  whole 
thickness  of  tbe  cord  is  uniformly  affected  in  pressure- myelitis  (see 
"Compression  of  the  Spinal  Cord").  In  transverse  myelitis  the 
changes  may  be  so  intense  in  all  the  structures  at  the  affected  level 
that  the  cord  is  diffluent,  and,  as  already  stated,  only  separated  pro- 
ducts of  degeneration  and  inflammation,  and  blood-corpuscles  are  to 
be  seen.  In  slighter  cases  the  alteration  is  seldom  distributed  uni- 
formlj,  and  in  either  a  single  section,  or  a  series  of  sections  taken 
near  together,  each  part  may  present  variations  in  the  damage,  which 
may,  however,  be  such  that  no  part  escapes  in  all  (see  Fig.  98).  In 
meningo-myelitis  the  periphery  of  the  cord  is  always  most  affected, 
and  in  old  cases  the  thickened  pia  mater  may  send  tracts  of  dense 
tissue  into  the  interior  of  the  cord,  from  which  branching  processes 
of  tissue  may  pass  on  all  sides.  The  condition  is  similar  to  that  met 
with  in  chronic  myelitis.  A  similar  extension  is  often  conspicuous 
in  cases  in  which  there  is  no  special  inflammation  of  the  membranes, 
and  the  interstitial  changes  often  extend  from  the  septa  that  normally 
pass  into  the  cord  and  from  the  walls  of  the  vessels,  the  course  of 
which  may  thus  be  marked  out  when  the  vessels  cannot  be  seen. 
Hence  the  white  columns  may  be  broken  up  by  lines  of  tissue  passing 
from  the  surface  of  the  cord  towards  the  grey  substance. 

In  disseminated  myelitis,  the  foci  of  inflammation  may  exist 
through  a  wide  extent  of  the  cord  and  appear  on  the  surface  as  red- 
dish-grey areas,  closely  resembling  those  of  disseminated  sclerosis, 
but  less  sharply  outlined.  Under  the  microscope,  in  the  early  stage, 
smaller  foci  stud  the  grey  and  white  substance  irregularly,  some- 
times extending  into  larger  tracts.  They  may  be  most  abundant  in 
the  grey  or  the  white  substance.  At  first  the  vascular  changes  are 
the  more  conspicuous,  but  afterwards  the  evidence  of  destruction  of 
nerve-elements  and  the  inflammatory  products,  exudative  and  cellular, 
described  above,  characterise  these  foci,  while  ultimately  a  condition 
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>f  irregular  focal  sclerosis  remains.  In  central  myelitis  there  is  a 
^reat  increase  in  the  nuclei  about  the  central  canal,  with  vascular 
changes  in  the  commissure  adjacent,  but  there  may  also  be  evidence 
of  slight  widely-diffused  myelitis.  It  is  necessary  to  remember  that 
the  nuclei  around  the  central  tissue  vary  much  in  number,  and  that 
it  is  easy  to  mistake  a  normal  for  a  diseased  condition. 

Little  is  known  of  the  morbid  appearances  in  the  parenchymatous 
forms,  except  that  in  a  variety  of  anterior  polio-myelitis,  and  in 
diphtheritic  and  other  toxic  paralyses,  the  nerve-cells  present  granular 
changes,  and  the  interstitial  grey  substance  may  be  but  slightly 
affected. 

The  nerve-roots  coming  from  a  much  inflamed  part  are  usually 
damaged,  and  may  present  histological  changes  similar  to  those 
within  the  cord,  distension  of  vessels,  increase  of  nuclei  and  of  con- 
nective tissue  about  the  vessels,  breaking  up  of  the  myelin,  swelling  of 
the  axis-cylinders.  Degenerative  and  neuritic  changes  may  descend 
the  motor  nerves,  although  rarely  to  the  same  degree  as  in  polio- 
myelitis, except  in  the  cases  in  which  there  is  extensive  inflammation 
in  the  lumbar  or  cervical  enlargement. 

From  the  foci  of  inflammation,  ascending  and  descending  degenera- 
tions pass  along  the  tracts  of  long  fibres  that  have  been  already 
described,  downwards  in  the  pyramidal  tracts,  upwards  in  the  poste- 
rior median  columns,  the  direct  cerebellar  tracts,  and  the  antero- 
lateral ascending  tract.  In  cases  of  transverse  myelitis,  moreover, 
changes  that  are  definitely  inflammatory  in  nature  may  be  traced 
in  certain  tracts  for  a  short  distance  above  or  below  the  chief 
lesion ;  they  may  accompany  the  secondary  degeneration,  or  may  be 
found  extending  along  a  tract  that  degenerates  in  the  opposite 
direction.  Thus  distinct  inflammation  may  pass,  for  a  short  distance, 
up  the  pyramidal  tracts,  so  that,  an  inch  or  two  above  the  upper  limit 
of  the  general  inflammatory  changes ,  an  ascending  inflammation  of 
these  tracts  may  be  combined  with  an  ascending  degeneration  of  the 
tracts  that  always  present  secondary  ascending  degeneration. 

If  the  patient  survives,  tbe  new  interstitial  tissue  slowly  undergoes 

PlO.  93. — Acute  tnin8ver«e  myelitis;  from  a  case  fatal  in  a  mouth.  A,  B,  C, 
neighbouring  sections  from  the  intlamed  part,  in  the  mid-dorsal  region,  to  shovr 
the  varying  distribution  of  the  inflammation.  (Stained  with  Mniline  blue  black.) 
Di8teiid«*d  vessels  are  all  surrounded  by  thick  lones  of  clear  tissue,  in  places 
divided  obliquely,  while  outside  this,  ramifying  tracts  of  darker  tissue  extend  into 
the  white  substance.  In  D,  from  the  front  of  the  posterior  column,  the  changes 
are  shown,  more  highly  magnified.  The  zone  around  the  vessels  is  seen  to  consist 
of  the  perivaicnlar  sheath  distended  by  cellular  elements,  round,  oval,  fusiform, 
angular.  The  white  substance  is  crammed  with  similar  cells,  and  hardly  any 
trace  of  nerve-fibres  or  of  normal  structure  can  be  perceived.  In  B,  from  a  less 
affected  part  of  the  lateral  column,  stained  with  carmine,  the  alveoli  remain, 
aithcugh  the  tissue  between  them  is  thickened,  and  in  many  places  studded  with 
refractiuff  granules  and  larger  nuclei.  In  many  spaces  nerve-fibres  are  seen 
much  smaller  than  normal  in  conse<|uence  of  the  wasting  of  the  white  snhAtance. 
F  represents  a  similar  condition,  with  fewer  nenre-fibres,  and  exten^ve  infiltration 
of  the  alveoli  with  blood  •corpuscles.  (From  sections  prepared  by  Dr.  Money*  For 
tlie  specimen  I  am  indebted  to  Dr.  HudUen.) 
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(baugQs  which  give  it  »  fibroid  aspect,  altboiigli  for  some  tima 
eell-fomis  may  preponderate  in  it.  We  know  very  little  ot  tbe  uature 
o(  the  proceua  lliat  occura  in  tte  cases  which  slowly  recover,  and 
subserves  reatonition  of  fuDction.  The  fact  that  a  long  period  of  tol&l 
palsy  may  be  eucceeded  by  the  slow  return  of  coiifiide:abIe  power, 
>>bows  that  eveu  greatly  damaged  fibres  way  regain  functional 
capiicity.  It  is  easy  to  conpeive  that  the  fibres  which  are  only  no  far 
changed,  that  the  axis-cylinders  are  swollen  and  the  myelin  staina 
readily,  may  speedily  recover.  We  can  also  understand  that  the 
fibres  in  which  a  very  narrow  layer  of  myelin  remains  around  the 
axis-cylinder,  may  also  regain  the  power  of  conducting.  We  must 
presume  that  in  tbese  fibres  there  ie  no  interruption  of  the  asia- 
oylinders,  but  there  are  cases  in  wli^ch  we  can  scarcely  believe  that 
the  axis-cylinders  retain  their  continuity,  although  conducting  capacity 
is  ultimately  restored.  An  absolute  motor  palsy  o£  twelve  months' 
duration  must  depend  on  changes  that  involve  an  absolute  inter- 
ruption of  the  fibres,  and  yet  in  such  a  case  some  return  of  power 
may  occur.  Is  this  rffueted  by  a  growth  of  new  fil.res  such  as  occura 
in  nerves  F  In  the  lower  animals  such  a  growth  of  fibres  has  been 
proved  to  occur;  in  man  it  has  not  yet  been  demonstrated^  but  it  is 
difiicult  to  conceive  any  other  explanation  of  the  clinical  facts.  The 
very  interesting  appearance  presented  by  the  section  of  a  cord  shown 
inFigs,  99,  B,  and  lOO  suggests  stronglya  process  of  regeneration.  The 
cord  was  crushed  in  the  mid-dorsal  region  by  a  fracture  oE  the  Bpiup. 
and  motor  and  sensury  parnlysis  remained  absolute,  up  to  the  level  cf 
the  lesion,  till  the  patient's  death,  six  months  later.  At  the  seventh 
cervical  (Fig.  99,  a)  the  cord  presents  only  the  usual  ascending 
degenerations,  but  at  the  eighth  cervical  (Fig.  99,  b)  opaque  tracts 
extend  through  the  grey  and  white  matter,  and  adjacent  to  these 
there  is  everywhere  an  eil^osire  destruction  of  nervcfibres.  In 
these  tracts  within  ihe  lateral  columns  a  large  number  of  very  minute 
nerve-fibres  can  bo  seen,  each  consisting  of  a  fine  axis-cylinder  sur- 
rounded by  myelin  (Fig.  100,  c).  The  fibres  are  smaller  than  any 
met  with  in  the  normal  cord.  The  apjiearance  is  as  if  there  bad 
been  an  irregular  ascending  myelitis,  which  had  extended  up  the 
cord  as  high  as  between  the  seventh  and  eighth  cervical  Eegment«. 
and  from  the  lower  extremity  of  the  normal  fibres  there  had  occurred 
a  growth  of  new  fibres  such  as  efliecta  the  regeneration  of  nerves.* 
We  seem  to  have  here  an  actual  process  of  renewal  of  fibres  that  had 
been  destroyed  by  such  iufiammation  aa  has  caused  the  empty  spaces 
in  the  vicinity.  If  this  is  a  correct  interpretation  of  the  appearances, 
they  constitute  proof  that,  even  in  the  human  cord,  it  is  possible  to 
have  a  new  formation  of  destroyed  fibres.  That  pyi'aniidal  fibres  may 
be  renewed  after  they  have  been  degeneiuted  in  consequence  of  pres- 
sure, there  is  abundant  clinical  evidence,  since  complete  paralyns  with 

•  For  ttirte  nectiiini  I  am  indebted  to  Dr.  F.  Q.  Penrow.     UnlorLan.tclj  I  liav« 
been  uuiible  to  otiUm  hd}  uther  tectiout  of  tUii  part  ol  tlie  curd. 
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Fta.  90. — Aaemdi'ig;  mjelltii  from  fracture  of  tptne  oompleMj  dettrojliig  tb6  ooitl 
in  th*  roid-doruil  rai;ion.  A,  from  the  MV«ath  oarrical,  preMnU  only  ■■eoadiog 
dr^nentioiu  in  p«t  med.  eoL,  direct  eerebel.mreu,  and  ■nt.-Ut.wcendtDg  tnct, 
B,  rrom  tike  dgbth  eerrieal,  prctpnu  kUo  Dumeroni  usM  of  flnrlj  g;ninDlar  aipect 
wtdei  ■  law  migoifjing  power,  the  finer  etmctare  of  wlitcli  ti  tbown  Id  Tig,  100. 


4  1 

Wia.  100.— From  theoater  ptrtof  the  front  of  tba  htonl  oolomn  in  B.  Fi;-.  99.  •  h 
the  anteio-leMnl  kteending  tnict,the  fibrea  aompleCely  de|feni!ratrd.  eic-pt  ■  few, 
probably  of  otbrr  natare  and  belonging  to  i,  a  narrow  ion*,  newlf  beiUbj,  or  tlie 
aDt«ro-iiiteral  gronnd  Sbrea.  o  repreaenla  the  outer  part  of  one  of  the  fioely 
granoUr  tmcU.  Dnder  tba  higher  magnif  jing  power  theie  tncti  are  aeoD  to  eoD- 
(iat  of  Ter;  mionte  nerve-flbm  with  a  granular  material  brtween  them  in  whirb 
(e*  oell-f ormi  oan  hr  diotingn tilled.  Adjicenttotheaetracta  there  ba*  iipparentlj 
been  Fxleiiaiva  dntniction  of  the  flbrei.  Urge  ipecea  being  occapied  bj  prudocta 
of  degeneration  and  appeariug  amptj  io  the  cleared  aection. 

an  intense  spastic  state  of  the  limbs  maj  be  recovered  from  perfectly, 
eren  though  it  has  lasted  for  m&nj  montba.  Such  aa  eTeiit  is 
oOmmoQ  in  otsca   o£  pressure- myelitis    ({.  v.),    and    a   remarkable 
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iustance  will  be  mentioDed  in  the  account  of  tumoura  of  the  cord. 
But  in  such  cajses,  although  it  is  not  likely  that  the  axis-cjlinden  of 
the  fibres  ba^e  preserved  their  integrity,  the  neuroglial  space,  which 
represents  the  nerve-sheatb,  has  probably  remained  intact,  and  the 
re-growth  of  a  fibre  within  it  is  a  far  simpler  thing  than  a  new  fonna- 
tion  of  fibres  in  an  area  in  which  all  the  morphological  framework 
has  perished* 

Stmptoms. — Tbe  symptoms  of  myelitis  vary  much  according  to  iti 
degree  and  form.  Tbe  most  common  variety,  which  may  be  regarded 
as  the  typical  form,  is  acute  transverse  myelitis,  and  to  this  especially 
the  following  description  applies.  The  conspicuous  symptoms  are 
those  which  depend  on  the  interference  with  the  functions  of  the  cord, 
and  these,  in  most  cases,  are  also  the  first  indications  of  the  disease. 
They  are  sometimes  preceded,  and  more  often  accompanied,  by  general 
symptoms,  such  as  attend  inflammation  of  other  internal  organi— 
malaise,  shivering,  headache,  depression,  loss  of  appetite,  pyrexia,— 
symptoms  which  may  attend  any  form  of  acute  myelitis,  or  maybe 
altogether  absent.  When  due  to  cold  and  commencing  some  dajg 
after  exposure,  general  rheumatic  pains  may  occur  in  the  interval. 

The  spinal  symptoms,  if  not  prominent  at  first,  quickly  become  to. 
The  most  obtrusive  is  the  motor  weakness,  but  this  may  be  preceded, 
for  a  few  hours  or  days,  by  sensory  symptoms  in  the  limbs — 
"numbness,"  tingling,  or  burning  sensations.  Occasionally  there 
are  rheumatoid  pains  at  the  onset,  sometimes  referred  chiefly  to 
the  joints.  Pain  may  be  felt  in  the  back,  as  well  as  in  the  limbs, 
but  the  vertebral  pain  is  seldom  prominent;  and  soon  ceases. 
Occasionally  spasmodic  twitchings  in  the  limbs  or  painful  cramps 
attend  the  onset.  In  rare  cases  there  is  a  general  convulsion.  This 
is  most  frequent  in  children,  and  then  may  be  sometimes  the  expres- 
sion of  the  general  disturbance  of  the  system.  But  convulsion 
occasionally  attends  the  onset  of  acute  myelitis  in  adults,  even  when 
there  is  no  cerebral  complication.  Three  instances  of  this  have  come 
under  ray  own  observation. 

The  motor  paralysis  usually  comes  on  rapidly,  and  reaches  a  con- 
siderable degree  in  the  course  of  a  few  hours.  A  patient  after  such 
sensations  as  have  been  described,  or  without  any  warning,  finds  that 
his  legs  feel  heavy  ;  after  walking  for  a  few  hours  he  is  obliged  to  sit 
down  and  rest.  When  he  tries  to  walk  again  his  legs  feel  "  as  if  made 
of  lead.''  He  lies  down  for  an  hour,  and  then  finds  that  he  cannot 
stand,  and  in  a  few  hours  more  is  unable  to  raise  his  legs,  although 
perhaps  he  can  still  move  the  feet  or  toes  ;  next  day,  even  this  power 
may  be  lost.  Occasionally  the  mode  of  onset  is  still  more  rapid,  and 
occupies  only  a  few  minutes.  The  legs  are  found  suddenly  to  be 
heavy  and  tingling,  the  sufEerer  sits  down  on  a  chair  for  a  quarter  of 
an  hour,  and  then  finds  that  he  cannot  stand.  Such  rapid  onset 
resembles  that  of  spinal  hseinorrhage,  and  it  is  probable  that  in  most 
of  these  cases  there  is  hoemorrhage  in  addition  to  inflammation— 


AOOTB  MYELITIS.  315 

'  hnmorrliagio  myelitis.**  Sach  cases  are,  howeyer,  sufficiently  rare 
lot  to  interfere  with  the  diagnostic  rule  that  a  sudden  onset  means  a 
raacular  lesion,*  and  that  the  characteristic  onset  of  myelitis  is  rapid 
>ot  not  sudden.  Now  and  then  the  onset  is  in  the  night,  during 
deep ;  a  patient  goes  to  bed  well,  and  wakes  up  in  the  morning  with 
M>mplete  paraplegia.  On  the  other  hand,  the  onset  of  the  paralysis 
may  occupy  seyeral  days,  or  even  a  week ;  when  longer  than  this, 
Trom  ten  to  forty  days,  the  myelitis  is  to  be  regarded  as  subacute. 
Occasionally  the  onset  is  by  a  series  of  sudden  attacks  of  weakness  at 
intervals  of  a  few  hours  or  days,  or  eren  weeks.  In  the  latter  case 
there  may  be  some  recovery  from  one  attack  before  the  next  comes  on. 
Frequently,  there  is  gradual  partial  loss  of  power  for  a  few  days,  and 
then  complete  paralysis  comes  on  rapidly ;  the  first  symptoms  may 
be  slight,  and  their  nature  only  recoguised  when  the  disease  has 
leveloped. 

When  the  paralysis  has  reached  its  height,  and  has  ceased  to 
increase,  it  is  usually  complete;  sometimes  it  is  incomplete,  the  limbs 
san  be  moved,  but  with  little  power,  or  the  patient  may  be  able  to 
contract  certain  muscles  but  not  to  move  the  parts  to  which  they  are 
ittached,  perhaps  only  to  move  the  toes.  The  distribution  of  the 
paralysis  depends  on  the  position  and  extent  of  the  disease.  In  the 
majority  of  cases,  the  legs  and  lower  part  of  the  trunk  only  are  affected, 
becaiuse  the  dorsal  region  of  the  cord  is  the  most  frequent  seat  of 
myelitis.  If  it  is  incomplete  in  the  legs,  the  flexor  muscles  usually 
suffer  more  tban  the  extensors,  although  this  may  not  be  apparent  as 
the  patient  lies  in  bed|  because  the  leverage  at  the  knee  renders  neces- 
sary considerable  power  to  extend  the  joint  against  gravitation.  When 
the  disease  is  in  the  cervical  region  the  arms  as  well  as  the  legs  are 
involved,  and  the  arms  are  sometimes  paralysed  before  the  legs.  If 
the  lesion  is  extensive  in  the  cervical  region,  the  damage  to  the  grey 
matter  and  root-fibres  causes  atrophic  palsy  in  the  arms,  while  the 
legs  are  the  seat  of  simple  and  ultimately  spastic  paralysis.  In  such 
cases,  the  intercostals  are  paralysed  and  breathing  is  carried  on  by  the 
diaphragm.  Myelitis  above  this  level,  if  complete,  abolishes  all 
respiratory  power,  and  necessarily  causes  death  with  great  rapidity ; 
but  occasionally,  in  partial  inflammation,  the  diaphragm  may  escape, 
or  the  intercostals  retain  some  power  and  life  be  preserved.  In  such 
rare  cases  the  arms  as  well  as  the  legs  may  be  the  seat  of  simple 
palsy,  and  the  neck  muscles  may  become  atrophied.  This  was  seen 
in  one  patient,  in  whom  the  stemo-mastoids  and  the  upper  part  of 
each  trapezius  were  wasted,  while  the  arms  as  well  as  the  legs 
presented  an  increase  of  myotatic  irritability.  In  such  cases  dis- 
seminated inflammation  may  spread  into  the  medulla,  the  pharynx 
and  the  tongue  may  be  affected,  vomiting  may  occur,  and  the  heart's 
action  be  interfered  with.     The  range  of  motor  symptoms,  when  the 

*  Indeed,  it  is  possible  that  these  cases  coDstitnte  no  exception  to  the  rule,  the 
a/elitis  being  set  ap  by  vascuhir  obstruction. 
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disease  is  at  different  heigbte,  is  indicated  in  tbe  table  of  functioiil; 
(p.  210). 

Sensation  is  frequently  impaired  aa  well  as  motion.  At  the  oni 
indeed,  it  is  involved  in  aome  degree  iii  all  cases  of  ^eneniil  tmnavei 
myelitis.  In  severe  ca^es  it  is  absolutely  lost  up  to  the  level  of  thai 
leaioii.  The  upper  limit  of  loss  is  ofteu  oblique,  being  higher  id  froul 
than  behind.  In  slighter  cases  the  loss  may  be  partial,  and  onlT. 
certain  forms  of  sensation  may  be  impaired,  eitber  in  consequence 
the  position  of  tbe  disease,  when  touuh  or  pain  may  be  lost  alone, 
of  its  slight  degree,  when  touch  is  generally  impaired  and  painful 
sensibility  preserved.  OccasioniiUj  there  is  general  hypertestheaia  in 
the  limbs  at  the  onset.  At  the  level  of  the  lesion,  there  is  usually  a 
2one  of  hyperesthesia,  corresponding  to  the  distribution  of  the  nerves 
that  pass  through  tbe  upper  part  of  the  affected  region,  i.  s.  through 
th«  lowest,  merely  irritated,  portion  of  the  cord  above  the  disease. 
Tlie  hypiertesthesia  may  readily  be  detected  by  passing  a  hot  sponge 
down  the  spine ;  the  sense  of  warmth  obangea,  at  the  hypenesthetic 
Kone,  into  one  of  puin.  Correspoudicig  to  this  zone  of  hjpertesthesia 
tbere  is  often  a  sense  of  painful  cuustriution,  a  "  girdle  pain,"  which 
may  persist  for  a  long  time,  even  after  tbe  loss  of  seusitiitity  below 
the  lesion  has  passed  avray.  Occasionally  it  only  comes  on  some  time 
alter  tbe  onset,  probably  from  cicatricial  compression  and  irritaiion  of 
the  root-fibres.  Its  position  varies  witb  that  of  the  disease.  It  U' 
most  commonly  felt  between  the  umbilicus  and  ensiform  cartilagtV" 
sometimes  around  the  lower  part  of  the  abdomen,  about  tbe  anus,  or 
in  the  legs.  It  is  of  much  practical  importance  because  it  is  evidenoa 
of  the  existence  of  organic  disease,  and  also  of  tbe  U|>per  bmit  of  the 
lesion.  It  is  sometimes  a  very  early  Bympt«>m.  Any  initial  pain  in 
the  limbs  usually  ceases  when  sensation  becomes  abolished.  When, 
pain  pei  siats  in  the  legs,  it  ia  often  less  when  these  are  Sexed. 

The  stale  of  reflex  action  varies,  and  de]>euds  on  tbe  position  of  tbflj 
disease,  in  acuordance  with  the  laws  already  stated  (p. 
acute  lesion  in  any  part  of  tbe  cord  may  cause  an  initial,  inbibii 
lose  of  reQex  actiou  iu  the  parts  below,  but  if  tbe  lesion  is  above 
lumbar  enlargement,  reflex  action  returns  in  the  course  of  a  f< 
hours.  Frequently  there  ia  no  initial  depression.  Subsequently 
reflex  aciiou  becomes  eicesaive,  that  from  the  skin  rapidly,  tbat  froiB' 
the  mnseles  more  slowly.  Ultimately  each  attains  a  bigh  degree  of 
exaltation.  If  the  disease  involvea  tbe  lumbar  enlargement  all  form* 
of  reflex  action  are  lost.*  When  in  the  cervical  region,  it  may  be  lost 
in  the  arms,  excessive  in  the  legs.  In  dorsal  myelitis  the  trunk* 
rrflexes  are  often  impaired,  and  may  give  imjjortant  information  a«  to, 
the  seat  of  the  disease.  Tbe  abdominal  reHexea  should  be  examiai 
nt  various  levels,  and  the  greater  impairment  of  tbese  on  one  i 
tlinn  on  iLe  other  may  reveal  clearly  the  unequal  distribution  of 
lesion  and  its  vertical  extent. 

•  See,  liuwarer,  tlie  faoW  lUied  OD  p.  £20.    O*^  t'i'JL 
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Tho  mascles  of  the  le^  are  sometimes  at  first  flabby  and  toneless 
during  the  stage  of  initial  depression  of  reflex  action,  doubtless  from 
the  same  influence.  This  condition  soon  passes  off  if  the  lesion  is 
above  the  Inmbar  enlargement,  and  as  reflex  action  returns,  the 
mascles  regain  their  tone.  If,  however,  the  myelitis  inyolves  the 
lumbar  enlargement  in  considerable  degree,  the  muscles  of  the  legs 
remain  flaccid,  and  lose  all  influence  on  the  posture  of  the  limbs. 
The  feet  fall  into  an  extended  position,  so  that  the  instep  is  in  a  line 
with  the  tibia  (Fig.  101).     The  muscles  also  waste  rapidly,  and  often 


FlOk  101  — Posture  of  feet  in  myelitis  of  lumbar  enlargement  with  rapid 

wasting  of  mn»cles. 

present  the  reaction  of  degeneration.  The  wasting  in  these  cases  is 
often  extreme.  In  many  cases  of  myelitis  aboye  the  lumbar  enlarge- 
ment there  is  a  slighter  and  slower  wasting  of  the  muscles,  without 
loss  of  reflex  action  and  generally  with  excess  of  the  muscle-reflexes; 
the  ultimate  amount  of  wasting  may  be  considerable,  but  it  is  never 
BO  great  as  when  the  lumbar  grey  matter  is  diseased.  There  is  nerer 
the  reaction  of  degeneration,  but  only  a  slight  change  in  irritability, 
similar  to  each  current ;  first  an  increase,  which,  after  some  weeks  or 
months,  gives  place  to  a  slight  diminution. 

The  sphincters  are  usually  affected  from  the  first,  except  in  very 
slight  cases,  and  they  often  afford  the  earliest  indication  of  the  com- 
mencing lesion.  There  is  usually  first  retention  of  urine,  which  not 
rarely  exists  for  several  hours,  or  even  for  a  day  or  two,  before  other 
symptoms  are  added  to  it.  There  is  afterwards  incontinence,  over- 
flow or  reflex  (see  p.  225),  when  the  disease  is  above  the  lumbar 
region;  if  the  lumbar  centre  is  diseased  there  is  persistent  incon- 
tinence from  the  first  without  retention.  In  the  former  case  there  is 
involuntary  action,  in  the  latter  inaction,  of  the  sphincter  ani,  and  in 
both  cases  incontinence  of  fseces.  This  may  be  inconspicuous  in  the 
early  period,  on  account  of  constipation,  due  to  intestinal  paralysis. 
In  cases  of  partial  myelitis,  as  of  the  anterior  corn u a,  the  sphincters 
are  often  unaffected.  The  urine  is  frequently  alkaline  in  reaction, 
and  the  change  sometimes  comes  on  so  rapidly  that  it  is  evidently 
the  result  of  an  alteration  in  the  secretion.  In  all  cases  of  retention, 
decomposition  in  the  bladder  increases  the  alkalinity.  Cystitis  often 
follows,  so  that  the  urine  contains  pus. 

The  temperature  of  the  paralysed  limbs  is  usually  at  first  raised  one 
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or  two  degrees  above  tbat  of  the  mouth,  but  it  afterwards  falls,  and 
remains  a  degree  or  so  lower  than  that  elsewhere.  The  skin  is  often 
dry,  sometimes  covered  with  sweat.  Its  nutrition  often  suffers,  and 
bedsores  result.  In  some  cases  they  are  due  to  long- continued  pres* 
sure  and  neglect,  but  they  may  occur  early  and  intensely  when  the 
disease  affects  the  lumbar  enlargement  or  irritation  extends  down  to 
it  from  above.  The  least  pressure  on  the  skin  may  then  cause  a 
bulla  containing  sanious  liquid,  and  sloughing  occurs  with  readiness, 
especially  over  the  sacrum.  Now  and  then  there  is  effusion  into  the 
knee-joints.  Occasionally  the  tendency  to  sloughing  of  the  skin  is  so 
intense  that  the  lesions  appear  to  be  spontaneous. 

Such  trophic  disturbances  sometimes  occur  in  the  cellular  tisstxeof 
the  lower  part  of  the  body,  especially  in  the  neighbourhood  of  the 
bladder  and  rectum.     A  remarkable  example  of  such  disturbance 
was  presented  by  the  case  from  which  Figs.  94  and  95  are  taken. 
Symptoms  of  subacute  myelitis  were  followed  by  those  of  cellulitis  in 
the  lower  part  of  the  abdomen,  on  account  of  which  the  patient  was 
admitted  into  University  College  Hospital  under  the  care  of  my  col- 
league, Mr.  Marcus  Beck.     Subcutaneous  emphysema  developed  aboat 
the  groins,  and  suppuration  occurred  near  the  rectum.     In  consequence 
of  this  inflammation  the  patient  died,  the  cord  symptoms  having  slowly 
increased ;  after  death  no  lesion  of  the  intestine  or  local  cause  of  the 
cellulitis  could  be  discovered.     It  is  probable  that  the  derangement  of 
the  trophic  influence  of  the  cord  facilitates  the  occurrence  of  cystitis 
from  retention  of  urine,  and  intensifles  its  effect  on  the  kidneys. 
Ulceration  of  the  bladder,  which  sometimes  occurs  with  remarkable 
rapidity,  may  be  thus  produced,  or  a  small  abscess  may  form  in  the 
wall  of  the  bladder,  and  thus  an  opening  may  be  formed  into  the 
peritoneal  cavity  and  fatal  peritonitis  may  be  induced.      A  vesico- 
vaginal fistula  may  be  developed  in  the  same  way.    Ulceration  of  the 
urethra,  and  consequent  extravasation  of  urine,  have  been  observed 
under  similar  conditions.*     In  another  case  the  inflammation  of  the 
bladder  was  intense,  and  suppurative  cellulitis  occurred  outside  the 
organ  and  set  up  a  fatal  peritonitis ;  the  kidneys  were  the  seat  of 
very  acute  suppurative  inflammation.f    These  effects  of  cystitis  may 
probably  always  be  prevented. 

When  the  disease  is  in  the  cervical  region  the  pupil  may  be  affected. 
In  rare  cases  of  myelitis,  optic  neuritis  has  been  observed,  without 
any  intra-cranial  complication  to  cause  it.{  It  is  probably  not  the 
result  of  the  inflammation  of  the  spinal  cord,  but  is  an  associated  and 
similar  lesion,  the  result  of  the  cause  of  the  myelitis,  which,  in  such 
cases,  is  probably  a  blood-state.      It  is  noteworthy  that  most  of  the 

•  S.  West.  *  St.  Barth.  Hosp.  Rep.,'  vol.  x. 

t  Sharkey  and  Lawford,  'Trans.  Ophth.  Soc,'  1883. 

{  Optic  neuritis  was  present  in  the  case  of  disseminated  myelitis  under  the  care  of 
Dr.  Dreschfcld  from  which  Fig.  96  is  taken,  and  also  in  that  of  Sharkoy  and  Lawfoid 
juiit  mentioned.     See  '  Medical  Ophthalmoscopy,'  8rd  ed.,  p.  189. 
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thus  aooompftnied  haye  been  inBtances  of  disseminated  myelitis, 
a  form  that  suggests  a  cause  acting  widely  on  the  nervous  system. 
In  one  case*  the  optic  neuritis  reached  its  height  some  weeks  before 
the  occurrence  of  the  first  spinal  symptoms,  and  in  the  cord  were  two 
separate  and  distant  foci  of  inflammation ;  in  another,  the  neuritis  was 
found  a  fortnight  before  the  onset  of  disseminated  myelitis.f 

In  cases  of  rapid  development  the  degree  attained  by  the  symptoms 
at  their  onset  may  not  be  exceeded.  In  some  cases  a  slower  increase 
or  extension  ensues  in  the  course  of  a  few  days.  The  myelitis,  begin- 
ning below,  may  ascend  the  cord,  and  the  arms  and  respiratory  mus- 
cles may  gradually  become  involved.  The  upward  extension  may  be 
steadily  progressive,  or  it  may  occur  in  successive  separate  attacks. 
In  the  latter  case,  it  seldom  extends  above  the  dorsal  region*  Or 
inflammation,  b^inning  in  the  dorsal  region,  may  slowly  descend  into 
the  lumbar  enlargement.  The  extension  maj  be  by  the  grey  matter, 
especially  of  the  anterior  comua,  or  by  the  posterior  region«  In 
each  case  the  extension  downwards  is  indicated  by  loss  of  the  reflex 
action  present  in  the  earlier  stage :  in  the  one  there  is  rapid  muscular 
wasting  with  loss  of  faradic  irritability ;  in  the  other  the  muscles 
retain  their  nutrition  and  irritability,  but  sensation,  if  before  present, 
becomes  lost. 

The  constitutional  symptoms,  which  have  been  mentioned  as  attend- 
ing the  onset,  vary  greatly  in  their  severity  and  course.  They  are,  as 
a  rule,  less  in  the  simple  transverse  myelitis  than  in  the  disseminated 
form.  In  most  cases  they  reach  their  height  on  the  second  or  third 
day  after  the  onset  of  severe  symptoms.  Thus  in  one  case  the  tempe- 
rature was  noimal  on  the  first  day  of  indisposition,  when  the  patient 
complained  only  of  slight  headache  and  slight  numbness  of  the  l^s. 
During  the  next  three  days  these  gradually  became  completely  para- 
lysed, and  the  temperature  was  successively  102^,  103^,  and  104*5^, 
and  then  gradually  fell  to  normal  at  the  end  of  a  week.  In  another 
case,  in  which  the  toxsemic  state  was  part  of  that  of  measles,  the  tem- 
perature  rose  from  100°  to  103*8°  on  the  first  day  of  the  symptoms  of 
myelitis,  and  on  the  next  day  to  104*2°,  but  fell  (partly  from  antipyrin) 
on  the  third  day,  on  which  death  occurred,  to  100*2°. {  In  less  acute 
cases,  in  which  foci  of  inflammation  develop  progressively  with 
spreading  palsy,  during  one  or  two  weeks,  moderate  irregular  pyrexia, 
9d°  to  101°,  may  go  on  as  long  as  the  disease  is  increasing,  and  may  be 
renewed  at  any  subsequent  relapse.  The  temperature  is  also  raised 
by  any  complications,  and  especially  by  cystitis.  On  the  other  hand, 
in  simple  cases,  with  a  single  focus  of  inflammation,  the  initial  eleva- 
tion may  be  trifling,  and  after  the  first  day  or  two  the  temperature 
remains  normal. 

If  the  patient  survives,  the  course  of  the  symptoms  varies  according 

e  Sbarkey  and  Lawford,  op.  cit. 

t  Achard  and  Guinon,  <  Arch,  de  MM.  Exp.,'  18SD. 

J  Barlow,  •  Hed.-CLir.  TraniV  1887,  p.  76, 
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to  the  in  ten  Bit  J  of  tbe  lesion.  The  paraljais,  motor  and  sensory,  may 
remain  complete.  More  frequently  sensation  is  recovered  after  abw 
weeks  or  months,  while  motor  power  continues  absent  for  a  moch 
longer  period.  The  excessive  reflex  action  may  lead  to  the  gradual 
development  of  spasm  in  tbe  legs.  This  is  especially  related  to  tlie 
increase  of  the  muscle-reflex  action  which  follows  the  secondaty  de- 
scending degeneration  of  the  pyramidal  fibres.  Ultimately  theooodi- 
tion  is  that  termed  "  spastic  paraplegia,"  and  described  in  detail  in 
another  section.  The  occurrence  of  this  spasm  is  not  incompatible 
witb  the  recovery  of  some  voluntary  power.  The  muscles  in  these  casei 
are  often  well  nourished,  and  may  even  increase  in  size ;  the  spasm 
constitutes  a  powerful  stimulus  to  their  growth.  Spasm  may,  however, 
coexist  with  tbe  slow  moderate  wasting  described  above  (p.  223),  bat 
is  rarely  intense  in  tbese  oases. 

In  some  cases,  flexor  spasm,  after  a  time,  takes  the  place  of  the 
extensor  spasm,  at  first  in  transient  attacks  but  at  last  permanently, 
and  becomes  fixed  by  contracture  and  shortening  of  the  flexor 
muscles.  It  may  be  so  great  that  the  knees  are  against  the  abdo« 
men  and  the  heels  against  the  nates.  This  substitution  of  flexor  for 
extensor  spasm  occurs  chiefly  in  cases  in  which  tbe  paralysis  ii 
absolute,  and  tbe  organic  disease  of  tbe  cord  so  considerable  and  of 
such  duration  as  to  make  recovery  impossible.  It  is  therefore  a  very 
grave  sign. 

Deatb  may  occur  early  in  the  disease  from  respiratory  paralysis,  or 
from  the  extension  of  disseminated  myelitis  into  the  medulla  oblon- 
gata ;  subsequently  it  may  be  due  to  various  effects  of  the  trophio 
disturbance,  acute  or  chronic,  and  to  blood-states  induced  by  bed- 
sores or  by  kidney  disease  resulting  from  cystitis,  Ac,  mechanismi 
that  have  been  already  mentioned  in  tbe  account  of  the  symptoms. 
Improvement,  when  it  occurs,  is  usually  slow,  but  continues  for  a 
long  time,  and  recovery  may  be  complete  in  cases  of  moderate 
severity.  When  there  is  much  damage  to  the  cord,  however, 
recovery  is  often  imperfect*  and  some  weakness  lenmins,  accom« 
panied  eitber  by  spasm  or  by  wasting.  It  is  rare  for  there  to  be  no 
improvement,  but  occasionally  the  palsy  remains  absolute,  although 
life  is  prolonged  for  years.  In  some  cases  improvement  occurs,  slight 
or  considerable,  and  is  followed  by  a  relapse,  which  leaves  the  patient 
worse  than  tbe  first  attack ;  and  this  may  occur  again  and  again,  each 
relapse  being  tbe  expression  of  a  fresh  extension  of  the  inflammation 
in  tbe  cord.  This  relapsing  course  is  met  with  especially  in  the 
disseminated  form,  and  in  tbe  subjects  of  gout,  either  acquired  or 
inherited.  Other  cases,  again,  present  what  may  be  termed  a  re- 
current course,  improvement,  and  perhaps  a  oonsiderable  degree  of 
recovery,  continuing  for  months,  when  a  fresh  attack  occurs.  On 
tbe  other  band,  in  many  cases,  especially  of  simple  transverse 
myelitis,  when  improvement  is  established  it  goes  on,  and  there  ii  no 
tendency  to  recurrence. 
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Varieiwt. — The  different  pathologicaHorms  of  mvelitisare  attended 
by  Bome  differences  in  the  symptoiHS-  Those  of  transverse  niyelitia 
Lave  been  described  as  the  most  couimou  and  typical  manifeatationa 
of  the  disease.  Focal  myelitis,  in  which  there  is  a  single  spot  of 
iaf!aiiiniation,not  exteodiog  across  the  cord,may  occur  in  various  parts 
of  the  cord,  but,  on  account  of  the  slight  degree  of  severity  of  the 
symptoms,  little  is  known  of  them  except  when  the  focus  of  inflam- 
mation is  of  some  size  or  is  situated  in  one  anterior  comu  (as  a 
variety  of  polio-myelitis),  because  such  cases  are  rarely  fatal.  It  is, 
however,  probable  that  this  variety  ia  not  uncommon.  Cases  are 
occaaionaily  met  with  in  which  symptoms  of  very  limited  range  come 
on  a«ately,  and  may  reasouahlT  be  ascribed  to  such  a  lesion.  They 
may  be  one-sided,  and  various  in  character,  often  being  limited  to  a 
single  limb. 

A  muL-h  more  frequent  focal  form  is  dieseminaled  myelitU,  in  which 
there  are  several  foci  of  inflammation  in  the  same  or  different  parts 
of  the  cord.  The  onset  of  this  form  is  often  suliacute.  and  constitu- 
tional symptoms  are  frequently  absent.  The  most  important  special 
sjrmptoms  are  those  which  indicate  interference  with  the  central  func- 
tions of  the  cord  in  more  than  one  locality,  but  the  combinations 
produced  are  very  variable.  In  many  cases,  the  several  foci  of  in- 
flammation develop  sucoessively,  not  simultaneously,  and  theu  we  have 
A  corresponding  succession  of  symptoms.  Thus  a  myelitis  in  the 
cervical  region,  causing  atrophy  of  some  groups  of  muscSes  in  one  arm 
and  paralysis  of  the  corresponding  leg,  may  be  followed  by  paralysis 
of  the  other  leg  with  such  loss  of  reflex  action  in  it  as  shows  a 
separate  focus  of  inflammation  in  the  lumbar  enlargement,  Eind  this 
again  by  the  development  of  a  girdle  pain  corresponding  to  the 
middle  of  the  dorsal  region,  from  a  fresh  area  of  inflammation  ia 
that  situation.  When  numerous  foci  of  myelitis  occur  in  tlie  dorsal 
region,  as  is  not  uncommon  in  syphilitic  cases  and  after  injury,  the 
symptoms  may  closely  resemble  those  of  a  transverse  myelitis,  because 
by  one  or  another  of  these  foci  each  of  the  elements  of  the  cord  is 
interrupted.  The  only  distinction  may  be  the  eitensive  impairment 
of  the  trunk- reflexes,  or  the  detection  of  loss  of  irritability  in  the 
corresponding  muscles. 

In  the  rare  form  of  diffuse  central  myelitis  there  is  usually  rapid 
loss  of  power,  of  sensation,  and  of  reflex  action,  considerable  elevation 
of  temperature,  speedy  trophic  disturbance,  and  often  death  at  the 
end  of  two  or  three  days.  Riircly,  sensation  and  reflex  action  have 
been  lowered  and  not  lost.  Ou  the  other  hand,  the  loss  of  sensatiou 
is  said  to  be  sonieliraes  absolute,  when  motor  palsy  in  incomplete. 
The  symptoms  have  begun  in  arms  and  legs  simultaneously,  or  in 
either  of  these,  and  have  accordingly  spread  upwards  or  downwards. 
Practically  nothing  is  yet  known  of  any  slight  non-fatal  forms  of  this 
variety.  Hfemorrlinyie  myelilis  is  scarcely  a  special  form,  since  anv 
tcute  infUmmatmn  of  the  cord  may  be  attended  bv  a  sud  len  eiirava- 
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most  organs  in  its  great  liability  to  primary  inflamuiation,  in  which 
it  presents  a  remarkable  contrast  to  the  brain.  The  liabilitj  is  not 
«^ually  distributed  in  the  cord,  but  is  least  in  the  parts  nearer  the 
brain,  less  in  the  cervical  than  the  lumbar  enlargement,  and  less  in 
these  than  in  the  dorsal  region,  so  far  as  the  most  common  form  is 
concerned.  The  special  liability  of  the  dorsal  region  to  transTerse 
myelitis  may  be  associated  with  the  readine«is  with  which  this  pai-t 
undergoes  post-mortem  softening,  but  we  are  ignorant  of  the  condi- 
tions by  which  this  liability  is  determined.  The  disseminated  form 
has  less  tendency  to  be  localised  in  any  special  part.  A  question  of 
considerable  interest  is  whether  acute  inflammation  of  the  cord 
always  begins  as  such,  or  whether,  in  any  case  or  form,  it  is  set  up 
by  TEscular  obstruction,  such  as  thrombosis  in  a  minute  yesseL  It 
is  oonceiyable  that  such  an  initial  lesion  may  ultimately  disappear 
in  the  intense  inflammation  it  excites.  Myelitis  may  be  readily 
produced  by  the  arrest  of  the  blood-supply  even  for  a  short  time,  as 
numerous  experimenters  hare  shown,  but  their  researches  throw  little 
light  on  the  disease  as  it  occurs  in  man  $  the  effect  is  to  produce  first 
necrotic  breaking  up  of  the  nerve-elements,  and  long  after  this  the 
vascular  lesions  of  ordinary  interstitial  myelitis.  The  processes  are 
esaentially  different.  But  the  experiments  show  that  the  lumbar 
enlargement  is  thus  damaged  with  special  readiness,  and  this  suggests 
that  the  proclivity  to  disease  of  this  part  is  due  to  its  inherent  sus- 
ceptibility. 

At  present  the  questions  of  chief  interest  are  the  extent  to  which 
the  disease  is  due  to  a  morbid  blood-state,  the  probable  nature  of  such 
a  cause,  and  the  mechanism  by  which  it  acts.  The  chief  facts  that 
throw  light  on  the  subject  have  been  mentioned  already,  the  most 
important  being  the  occurrence  of  myelitis  in  the  acute  specific 
diseases  (in  which  we  must  ascribe  it  to  the  organised  virus  of  the 
primary  malady),  and  the  evidence  of  an  influence  acting  throughout 
the  system,  afforded  by  the  wide  extent  of  the  disseminated  form 
and  its  occasional  association  with  disease  elsewhere,  such  as  optic 
neuritis.  It  is  to  this  form  that  our  knowledge  chiefly  relates.  Of 
the  pathology  of  simple  transverse  myelitis  we  have  only  the  fact 
that  it  is  often  due  to  cold,  which  brings  it  into  closer  analogy  with 
the  simple  inflammations  of  other  organs. 

The  knowledge  that  has  been  gained  of  the  influence  of  toxic 
blood-states  on  the  peripheral  nerves  gives  us  the  help  of  analogy 
in  conceiving  that  myelitis  may  often  have  the  same  origin.  But  a 
difference  exists  in  the  fact  that  the  multiple  neuritis  so  produced 
is  commonly  parenchymatous,  while  the  myelitis  is  conspicuously 
interstitiaL  Of  the  pathology  of  parenchymatous  myelitis  we  know 
almost  nothing.  The  question  of  causation  will  be  again  alluded  to 
in  considering  the  special  inflammation  of  the  grey  matter. 

The  chi^  relation  of  the  symptoms  to  the  lesion  has  been  con- 
sidered in  the  general  account  of  the  symptoms  of  spinal  cord  disease. 
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and  those  relating  to  tbe  destmctiTe  and  regenerating  processes  ba?6 
been  mentioned  in  the  section  on  pathological  anatomj.  We  mar 
however,  further  note  that  the  rascular  changes,  which  take  so  large 
a  share  in  the  process  of  interstitial  inflammation,  as  seen,  for 
instance,  in  the  disseminated  form,  must  extend  the  process.  The 
escape  of  leucocytes  into  the  sheaths  tends  to  interfere  with  the 
lumen  of  the  Tessel  and  the  flow  through  it,  while  their  accumula. 
tion  in  the  tissne  must  entail  local  destruction  of  the  nerve-eloments. 
If  the  cause  of  the  myelitis  is  a  persistent  influence,  such  as  the 
poison  of  a  progressing  specific  disease,  or  the  agent,  whatever  it 
be,  that  is  effectiye  in  gout,  it  is  easy  to  understand  that  the  local  b- 
fluence  of  the  lesion  itself  will  co-operate  with  that  of  its  cause,  and 
inddce  the  progressive  tendency  that  is  a  characteristic  of  this  form. 

Diagnosis. — Myelitis  is  recognised  by  the  rapid  onset  of  symptoms 
indicating  structural  disease  of  the  cord.     Among  these  the  failure  of 
power  is  the  most  significant,  although  the  subjective  sensations  that 
accompany  it  are  often  more  obtrusive  at  the  onset,  and  prevent 
mistake  as  to  the  meaning  of  the  weakness.     When  they  are  absent 
the  enfeeblement  may  be  mistaken  for  mere  prostration  in  cases  in 
which  some  general  illness  coincides,  and  it  is  probable  that  slight 
myelitis  sometimes  occurs  during  an  acute  specific  disease  and  alto- 
gether escapes  detection.     But  among  the  early  symptoms  no  one  is 
more  important,  for  its  definite  significance,  than  retention  of  arine; 
and  its  importance  is  increased  by  the  fact  that  it  may  precede  all 
symptoms  in  the  legs  and  give  a  warning,  the  heed  of  which  might 
sometimes  enable  lasting  palsy  to  be  prevented  or  life  itself  preserred. 
The  diagnosis  may  be  aided  by  the  presence  of  such  general  sym- 
ptoms as  attend  the  occurrence  of  inflammation  in  other  organs,  bat 
the  absence  of  these  is  of  little  negative  significance,  while  the 
presence  of  constitutional  disturbance  is  as  likely  to  mislead,  as  it  is  to 
suggest  a  local  affection.     The  position  of  the  myelitis  must  be 
inferred  from  the  considerations  already  described.     Its  upper  limit 
is  indicated  by  the  upper  limit  of  the  paralysis;  that  of  sensation  is 
most  readily  defined,  and  usually  corresponds  to  that  of  motion.     But 
the  upper  limit  no  more  shows  the  extent  of  the  disease  below  it,  than 
the  surface  of  water  does  its  depth.     The  extent  downwards  must 
be  gauged  by  the  impairment  of  the  functions  of  tho  cord  as  a 
central  organ  (reflex  action  and  muscular  excitability)  in  the  parts 
paralysed,  while  the  degree  to  which  the  various  structures  of  the 
cord  are  damaged  must  be  inferred  from  the  character  and  degree 
of  the  symptoms  in  the  affected  parts.     In  ascertaining  the  state  of 
the  lower  dorsal  region  the  trunk  and  cremasteric  reflexes  are  espe- 
cially important. 

Tbus  if  called  to  a  patient  who  has  rapidly  become  paraplegic,  the 
practitioner  should  firvt  note  the  degree  of  motor  and  sensory  para- 
lysis of  the  legs  (indicating  whether  the  lesion  is  total  or  partial), 
and  how  high  up  the  trunk  the  symptoms  extend.    He  should  then 
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test  the  reflex  action  in  the  affected  limbs  and  trunk,  and  ascertain 
the  state  of  mjotatio  irritability  in  the  limbs.  These  indicate  the 
condition  of  the  reflex  arcs  in  the  lower  portion  of  the  cord.  Further 
information  on  this  point  is  afforded  bj  the  state  of  muscular  nutri- 
tion, and  especially  by  the  evidence  of  the  state  of  nutrition  of  the 
nerre-fibres  which  is  revealed  by  farad  ism.  If  reflex  action  is  per- 
fect and  the  muscles  have  preserved  their  tone,  this  examination  is  a 
matter  rather  of  scientific  interest  than  of  practical  importance.  It  is 
useless  to  apply  this  test  imtil  five  or  seven  days  after  the  onset, 
because  four  or  five  days,  and  often  eight  or  ten,  elapse  before  the 
degenerative  changes  occur  in  the  nerve-fibres.  The  examination  may 
then  be  made  without  any  risk,  provided  a  very  gentle  current  is 
employed,  just  sufficient  to  cause  a  contraction  in  the  corresponding 
mnades  of  a  healthy  limb,  and  the  current  need  not  be  applied  to 
each  spot  for  more  than  a  second.  The  isolated  faradic  shock  may 
btf  employed  with  advantage  on  account  of  the  absence  of  the  strong 
sensory  stimulation  that  is  caused  by  the  current  (see  *'  Atrophic  Para- 
lysis*'). If  no  change  is  found,  the  examination  may  be  repeated  at 
the  end  of  ten  days  from  the  onset.  If  no  muscles,  at  the  end  of  that 
time,  present  any  considerable  diminution  of  contractility,  it  shows 
that  no  considerable  nutritive  change  is  taking  place  in  the  nerves, 
and  that  the  gprey  matter  from  which  the  nerves  proceed  is  not 
inflamed.  On  the  other  hand,  if  certain  muscles  present  a  diminu- 
tion of  irritability,  others  being  normal,  there  is  a  focal  lesion  in  the 
corresponding  grej  matter.  If  all  the  muscles  of  both  legs  present 
such  a  &ilure  there  is  inflammation  of  the  lumbar  grey  matter, 
and  if  sensation  is  also  lost,  a  total  lumbar  myelitis.  So,  if  there  is 
cervical  myelitis  with  paralysis  of  all  four  limbs,  the  condition  of 
irritability  of  the  arm  muscles  shows  whether  the  disease  involves,  or 
is  above,  the  grej  matter  in  the  lower  half  of  the  cervical  enlarge- 
ment. If  there  is  impairment  of  irritability,  its  extent  in  the  two 
arms  will  afford  an  indication  as  to  whether  the  myelitis  is  total,  or 
whether  it  affects  chiefly  certain  spots.  The  distinction  from  nmple 
poiio-wtfeUiiM  depends  on  the  fact  that  the  symptoms  are  not  purely 
motor.  It  is  only  when  the  myelitis  is  cervical  or  lumbar  that  the 
^Liagnoais  is  a  matter  of  difficulty ;  in  these  cases  the  arms  and  legs 
mre  the  seat  of  atrophic  paralysis  in  ordinary  myelitis,  because  the 
f^y  matter  is  involved.  There  is,  indeed,  polio-myelitis  in  such  cases, 
bat  there  is  also  more,  and  the  impairment  of  sensation,  together  with 
the  simple  palsy  of  the  l^s  when  the  disease  is  in  the  cervical  region, 
shows  the  involvement  of  other  parts  than  the  anterior  cornua, — which 
is  the  essential  distinction.  The  most  equivocal  condition  is  that 
which  exists  when  simple  but  severe  polio-mvelitis  in  the  cervical 
rifgion  spreads  to  the  white  columns  immediately  contiguous,  and 
causes  weakness  of  the  legs.  But  it  never  causes  complete  loss  of 
power,  even  for  a  short  time,  and  the  legs  soon  recover,  whereas  in 
ordinary  cervical  myelitis  the  loss  of  power  in  the  legs  is  often  com- 
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pleie  and  prolonged,  and  is  acconipanied  by  impairment  of  sensation, 
not  met  with  in  polio-myelitis. 

The  distinction  of  the  other  yarieties  of  myelitis  rests  on  the 
special  features  already  described.     That  of  the  disseminaied  form 
rests  on  the  irregular  distribution  of  the  symptoms  and  the  OTidenoe 
of  damage  extending  through  a  considerable  vertical  extent  of  the 
cord,  but  iu  some  parts  incomplete  in  degree.     An  inflammation 
which  continues  to  extend  after  the  first  two  or  three  days  is  certainly 
disseminated,  and  most  subacute  cases  are  of  this  variety,  and  so  are 
those  that  are  secondary  to  blood-states.    The  distinction  is  impor- 
tant, because  this  form  is  far  more  grave  than  any  other,  and  more 
likely  to  cause  death.     It  is  doubtful  whether  central  myelitis  can  be 
diagnosed  during  life ;  there  is  usually  a  slighter  degree  of  myelitis 
in  the  other  elements  which  causes  symptoms  resembling  the  ordinary 
form.     There  is,  however,  oue  exception  to  the  rule  that  a  spreading 
myelitis  is  disseminated ;  the  diffuse  transverse  form  that  is  secon- 
dary to  some  other  morbid  processes,  either  to  compression  from 
without,  or  to  haemorrhage  within  the  cord,  often  undergoes  sub- 
sequent extension.     Acute  myelitis  in  syphilitic  subjects,  even  if  dne 
to  syphilis,  presents  no  distinguishing  features,  nor  is  its  course  influ- 
enced by   antisypbilitic  treatment.     But  the  latter  fact  is  true  of 
all  acute  syphilitic  inflammations — the  tissue  destroyed  by  the  process 
cannot  be  restored  by  the  removal  of  the  cause.     In  rare  cases,  how- 
ever, an  acute  parenchymatous  myelitis  in  a  syphilitic  subject  is 
suggested  by  the  limited  impairment  of  a  certain  function.     In  such 
cases,  and  in  others  in  which  the  symptoms  point  to  a  toxic  bloud- 
state  acting  on  the  nerve-elements  without  destruction  of  tissue,  the 
effect  of  treatment  seems  to  confirm  the  diagnosis. 

If  transverse  myelitis  has  been  diagnosed,  the  question  should 
always  be  asked,  Is  it  primary,  or  secondary  to  some  other  process, 
of  which  the  most  common  is  compression  of  the  cord  ?  We  have 
seen  that  myelitis  may  result,  even  in  acute  form,  from  external 
pressure,  which  may  be  that  of  a  growth  or  of  disease  of  the  bone. 
The  indications  are,  first,  the  fact  that  root-pains  at  the  level  of  the 
disease  preceded  the  myelitis  for  at  least  some  weeks ;  and  secondly, 
the  direct  evidence  of  a  disease,  as  caries  or  cancer  of  the  spine, 
to  which  the  inflammation  may  be  secondary.  The  spinal  eolumn 
should  be  carefully  examined  in  all  cases,  not  merely  once,  but  again 
and  again.  When  the  myelitis  is  developed  there  may  be  no  signs  of 
bone  disease,  and  yet  these  may  appear  in  the  course  of  a  few  weeks 
or  months.  Myelitis  in  a  cancerous  patient  should  always  suggest  a 
secondary  growth  in  the  spine.  A  woman,  shortly  after  the  removal 
of  a  cancer  from  the  breast,  became  paraplegic ;  no  evideooe  of  booe 
disease  could  at  first  be  found,  but  in  a  few  weeks  the  vertdiral 
column  became  distinctly  enlarged  from  secondary  cancer.  This 
element  in  diagnosis  has  become  of  great  importance  from  the 
certainty  that  some  simple  exterual  growths  can  be  remored. 
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The  diagnosis  from  olher  lesions  of  the  cord  is  chiefly  by  the  mode 
of  onset.  In  Juemorrhage  the  symptoms  develop  in  a  few  minutes,  and 
it  is  chiefly  in  the  cases  of  hemorrhagic  myelitis  that  any  diagnostic 
difficulty  presents  itself.  The  sudden  paralysis  is  then  commonly 
preceded  by  slight  sensory  symptoms,  tingling,  <fcc.,  and  sometimes  by 
ferer.  If  these  are  absent  in  cases  of  actually  sudden  onset,  primary 
myelitis  is  far  less  likely  than  hsemorrbage.  The  acute  spiual  pain 
that  is  common  in  bsemorrhage  is  absent  in  myelitis.  If  an  onset 
indicating  hssmorrhage  is  followed  by  a  gradual  extension  of  the  sym* 
ptoms  during  the  next  twelve  or  twenty-four  hours,  myelitis  secondary 
to  hemorrhage  may  be  inferred. 

When  acute  myelitis  ascends  the  cord,  so  that  the  legs,  muscles  of 
the  trunk,  and  the  arms  are  successively  paralysed,  its  course  resem- 
bles that  of  acute  ascending  paralyMf  or  **  Landry* s  paralysis/*  in 
which  no  lesion  of  the  cord  is  found  after  death.  The  most  important 
distinction  is  that  in  ascending  myelitis  sensation  is  affected,  and 
if  the  patient  survives,  there  is  a  strong  tendency  to  trophic  disturb- 
ance in  the  skin,  while  many  muscles  waste  and  present  loss  of  faradio 
irritability.  In  acute  ascending  paralysis,  on  the  other  hand,  sensa- 
tion is  little  impaired;  some  parts  may  be  spared  by  the  ascending 
palsy ;  bedsores  do  not  form ;  and,  if  the  case  is  not  fatal,  there  is  no 
change  in  the  elect rio  irritability  of  the  muscles. 

In  meningitis  the  symptoms  of  irritation,  severe  pains,  muscular 
rigidity,  &c.,  are  prominent,  while  they  are  absent  in  simple  myelitis. 
But  in  many  cases  the  two  conditions  co-exist,  and  which  disease  is 
predominant  can  only  be  decided  by  the  order  and  degree  of  the 
development  of  the  symptoms.  In  meningeal  Juemorrhage  there  is 
severe  pain  in  the  back  and  acute  irritation  of  the  nerve-roots. 

The  distinction  from  multiple  neuritis  has  been  considered  in  the 
tecount  of  that  disease.  It  chiefly  arises  in  the  cases  of  polio- myelitis, 
presently  to  be  considered,  but  a  difficulty  may  exist  when  a  paren- 
chymatous myelitis  affects  the  structures  on  which  co-ordination 
depends  and  produces  the  condition  of  myelitic  ataxy.  Such  cases 
are  distinguished  from  those  of  neuritic  pseudo-tabes  by  the  fact 
that  some  other  structures  are  involved,  so  that  symptoms  are 
present  that  are  only  met  with  in  dis<'ases  of  the  spinal  cord.  A  very 
acute  onset,  so  that  the  symptoms  reach  a  high  degree  in  a  few  hours, 
is  also  evidence  of  the  myelitic  origin.  The  case  mentioned  on  p.  322 
affords  an  illustration  of  these  distinctions. 

Myelitis  is  far  from  rare  in  patients  of  the  age  and  sex  in  which 
hr  steria  especially  prevails,  and  many  cases  are  mistaken  ior  hysterical 
paraplegia — sometimes  because  svmptonis  of  hysteria  concur,  often 
merely  because  the  patient  is  a  girl  and  her  legs  well  nourished.  The 
converse  error  is  very  rare.  The  mistake  occurs  especially  in  cases  of 
transverse  dorsal  myelitis,  in  which  there  is  no  wasting  of  the  muscles 
of  the  legs.  The  gradual  developmt»nt  of  considerable  excess  of 
myotatic  irritability   is  a  symptom  of  great  diagnostic  value,  aud 
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when  this  increases  to  characteristic  extensor  spasm  there  should  be 
no  room  for  doubt.  If  one  leg  is  lifted  from  the  bed,  and  the  other 
moTes  with  it  owing  to  the  rigid  extensor  spasm,  organic  disease  is 
certain ;  hysterical  contracture  naver  fixes  the  legs  to  the  pelvis  lo  as 
to  permit  this  effect.  In  hysterical  paraplegia  there  may  be  reten- 
tion of  urine,  but  there  is  not  incontinence.  Among  other  conclunve 
symptoms  of  organic  disease,  a  girdle  pain,  and  incontinence  of  fidcei, 
are  of  especial  value.  Trophic  cbanges  in  the  skin  sometimes  decide, 
even  alone,  the  nature  of  the  case. 

PBoaHOSis. — The  primary  danger  to  life  in  myelitis  depends  upon 
the  risk  of  respiratory  palsy,  and  hence  on  the  region  of  the  cord  in 
which  the  disease  is  situated.  A  disposition  to  spread  is  alwajs  of 
grave  significance,  and  so  also  are  indications  of  a  serious  blood- 
change,  which  is  likely  to  increase  the  damage  it  has  caused.  On 
this  account  the  prognosis  is  worse  in  disseminated  than  in  simple 
transverse  myelitis,  and  it  is  longer  before  confidence  can  be  felt  that 
arrest  will  endure.  The  risk  is  great  whenever  the  cervical  region  ii 
diseased,  so  that  the  intercostal  muscles  are  paralysed,  and  in  propor. 
tion  to  the  nearness  of  the  lesion  to  the  origin  of  the  phrenic  nerre, 
on  which  life  then  depends.  Hence  a  careful  examination  of  the 
respiratory  movements  should  be  the  first  concern.  Any  indications 
that  foci  of  inflamuiation  have  developed  in  the  medulla  oblongata 
are  of  extremely  grave  significance.  Another  danger  is  from  acute 
trophic  disturbances,  and  on  this  account  the  prognosis  must  be 
guarded  whenever  the  lumbar  enlargement  is  diseased,  or  is  threatened 
by  the  extension  of  the  inflammation.  Hence  bedsores,  if  forming 
early,  within  the  first  month,  are  an  unfavorable  indication ;  at  a  later 
period  they  have  less  influence  on  the  prognosis.  The  occurrence  of 
cystitis,  and  especially  of  any  indication  of  secondary  kidney  disease, 
increases  very  much  the  gravity  of  the  case. 

The  prospect  of  recovery  of  power  chiefly  arises  when  the  onset  is 
over,  and  the  disease  has  become  stationary.  It  de]iends  (I)  on  the 
intensity  of  the  disease,  as  shown  especially  by  the  loss  of  sensation 
as  well  as  of  motion,  and  (2)  on  its  vertical  extent  as  indicated  by  the 
impairment  of  the  central  functions  of  the  cord;  (3)  on  the  earlj 
occurrence  of  symptoms  of  improvement.  The  longer  loss  of  sensa* 
tion  continues,  the  less  is  likely  to  be  the  deg^ree  of  ultimate  recoTeiy. 
(4)  It  is  influenced  to  some  extent  by  the  cause  of  the  myelitis,  being 
better  if  this  is  due  to  a  removable  cause,  such  as  pressure,  than  if 
spontaneous.  (5)  It  is  better  when  the  disease  is  confined  to  the 
dorsal  region  than  when  rapid  atrophy,  &c.,  of  the  muscles  show  that 
.  the  lumbar  grey  matter  is  involved.  The  longer  motor  palsy  remains 
absolute,  the  less  perfect  will  be  the  ultimate  recovery.  If  some 
power  returns  within  a  fortnight,  the  amount  that  will  be  regained 
will  probably  be  great ;  but  even  complete  loss  of  power  for  six  months 
does  not  preclude  the  ultimate  return  of  the  ability  to  walk,  and  I 
have  even  known  this  result  after  complete  paralysis  for  a  year  from 
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timnarene  mjelitia.  The  deyelopment  of  inereased  mjotatio  irrita- 
bility thowi  tbftt  improTement  will  not  speedily  oocor,  but  even 
rigiditj  and  tbe  state  of  *'  spastic  paraplegia  "  does  not  lessen  materi* 
allj  the  prospect  of  some  recovery  in  a  case  in  which  the  loss  of  powex 
remains  complete  for  a  month  or  more.  Indeed,  the  spasm  often 
enables  the  patient  to  stand  witb  a  slighter  degree  of  Tolnntary  power 
than  would  suffice  if  the  limbs  were  supple. 

The  fwct  of  preceding  syphilis  must  be  allowed  very  little  influence 
on  the  prognosis  in  a  case  of  simple  acute  myelitis,  but  greatly 
improTes  the  prognosis  if  there  are  indications  that  tbe  inflammation 
is  secondary  to  a  more  chronic  process  outside  the  cord. 

TBXATMKifT. — ^If  a  case  comes  under  observation  at  the  earliest 
period,  when  only  slight  sensory  disturbance  and  slight  weakness  of 
the  legs  indicate  the  commencing  process,  the  question  arises  whether 
any  treatment  can  avert  the  further  development  of  the  inflammation. 
If  the  symptoms  are  clearly  due  to  exposure  to  cold,  a  hot  bath* 
followed  by  free  diaphoresis,  should  be  employed,  and  followed  by 
eounter-irritation  and  tbe  other  measures  now  described.  If  consider- 
able paralysis  shows  that  the  process  of  inflammation  is  fully 
developed,  little  can  be  expected  from  these  measures,  and  it  is 
better  not  to  subject  the  patient  to  treatment  that  is  incompatible 
with  perfect  rest.  This,  in  all  cases,  is  of  paramount  importance. 
Both  functional  excitation  of  the  cord  and  movement  of  tbe  spinal 
column  should  be  avoided.  Tbe  remarks  regarding  posture  made  in 
the  account  of  the  treatment  of  inflammation  of  the  membranes 
apply  also  to  that  of  the  cord  itself ;  it  is  most  undesirable  that  the 
spine  should  be  the  lowest  part  of  the  body,  and  it  is  rather  less 
difficult  to  keep  the  patient  off  the  back  in  myelitis  than  in  menin- 
gitis. A  plank  back-rest  in  the  bed  will  be  found  a  great  assistance 
in  securing  comfortable  rest  on  the  side.  If  there  is  any  reason  to 
suspect  hemorrhage,  or  if  there  are  indications  of  rapid  extension  of 
the  inflammation,  the  prone  position  should  be  adopted,  and  even  in 
myelitis  it  is  well  to  adopt  it  at  times  as  a  change  from  the  lateral 
posture. 

The  removal  of  blood  from  the  skin  of  the  back  over  the  affected 
region,  by  leeches  or  wet  cupping,  is  an  old  measure,  which  finds  some 
theoretical  justification  in  the  fact  that  the  blood  from  the  structures 
behind  the  spine  passes  into  the  same  veins  as  the  blood  from  tbe 
spinal  cord  itself.  Hence  this  measure  may  conceivably  have  some 
influence  on  the  circulation  in  the  cord.  If  the  patient's  strength  is 
not  such  as  to  render  the  abstraction  of  blood  desirable,  dry  cupping 
may  be  employed,  or  the  vessels  of  the  skin  may  be  dilated  by  hot 
fomentations,  or  a  mustard  plaster,  or  hot  water  bags.  By  stimulating 
the  cutaneous  nerves,  these  agents  may  also  influence,  in  a  reflex 
manner,  the  vessels  of  the  cord.  The  application  of  cold  to  the  spine, 
aa  by  a  spinal  ice-bag,  has  also  been  recommended.  Contrary  as  these 
therapeutic  agents  seem,  it  is  probable  that  each  moderates  local 
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iDflammation  in  the  Bame  manner,  by  causing  first  contraction  and  then 
dilatation  of  the  vessels  of  the  inflamed  part,  and  so  lessening  the 
tendency  to  stasis  of  the  blood,  on  which  some  effects  of  inflammation 
depend.  Unless  there  is  reason  to  suspect  hsemorrhage,  the  application 
of  warmth  is  the  safer  and  probablj,  judging  from  experience, 
the  more  effectual.  At  the  verj  onset  of  inflammation  mild  counter- 
irritiition  is  unquestionablj  useful,  and  even  a  blister  maj  be 
employed ;  but  when  the  process  has  reached  a  considerable  degree 
it  is  very  doubtful  Whether  counter- irritation  has  much  influence 
until  the  acute  stage  is  over. 

In  other  respects  the  treatment  of  acute  iDflammatiou  of  the  cord 
must  be  guided  rather  by  the  nature  of  the  process  than  by  the 
character  of  the  organ  in  which  it  occurs,  and  the  fact  that  it  ii  an 
acute  local  inflammation  should  be  kept  in  view.     A  nutritious  but 
unstimulating  diet,  aperients,  and  diuretics,  are  desirable  in  all  caiea. 
If  there  is  constipation  a  free  purgative  may  be  given.     Wheneyer 
there  is  evidence  of  a  morbid  blood-state,  it  is  important  that  thii 
should,  if  possible,  be  improved,  but  we  have  still  to  learn  how  moit 
tozsemic  states  can  be  neutralised.     Nitrous  ether  may  be  given  as  a 
diuretic  with  some  tincture  of  digitalis,  which  tends  to  render  the 
circulation  uniform  and  to  lessen  stasis  by  its  influence  on  the  small 
arteries.     The  reason  for  diuresis  is  that  probably  no  local  inflamma- 
tion occurs  that  is  not  associated  with  a  morbid  state  of  the  blood 
which  may  be  to  some  extent  relieved  by  the  action  of  the  kidneys. 
If  any  special  drug  is  given,  it  may  be  combined  with  tbose  abo?e 
named.     It  is  as  difficult  to  ascertain  the  influence  of  the  drugs  which 
are  supposed  to  exert  a  special  influence  on  myelitis,  as  it  is  in  the 
case  of  other  local   inflammations,  which   have  no   predetermined 
degree,  and  tend  to  subside  when  they  have  reached  their  height. 
Ergot  was  recommended  by  Brown- Scquard,  chiefly  on  theoretical 
grounds,  and  has  been  extensively  employed.     In  rare  cases  it  bu 
seemed  to  do  good.     In  cases  of  heemorrhagic  myelitis  it  may  reason- 
ably be  given  with  greater  confidence,  or  ergotin  (3  to  5  gr.)  may  be 
injected  beneath  the  skin.     Belladonna  has  also  been  recommended, 
but  the  evidence  that  it  influences  the  morbid  process  is  not  strong. 
Mercury  has  been  largely  employed,  given  by  the  mouth  and  by 
inunction.     Tbe  influence  of  mercury  on  the  inflammation  of  internal 
organs  does  not  seem  so  great  as  upon  that  of  tbe  fibrous  tissues  and 
of  the  structures  that  invest  organs.     Certainly  in  myelitis  its  effect 
is  less  distinct  than  it  is  in  many  cases  of  meningitis.    Jodide  of 
potassium  seems  to  be  no  more  efficacious  than  mercury.     In  cases  of 
transverse  myelitis  occurring  in  syphilitic  subjects  the  treatment  for 
syphilis  seems  to  have  but  little  influence  on  the  morbid  process.    It 
is  true  that  such  treatment  is  rarely  adopted  at  the  very  onset  of 
acute  myelitis,  but  after  tbe  disease  has  developed  energetic  treatmeot 
does  not  seem  to  modify  its  subsequent  course.     This  is  true  also  of 
the  bubacute  disseminated  myelitis  that  occurs  in  the  subjects  of 
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tjphilis,  and  might  be  expected  to  be  more  amenable.  I  have  known 
this  form,  coDCurring  with  syphilitic  disease  of  the  cerebral  arteries, 
to  derelop  aod  mn  its  course  to  a  fatal  termination  in  spite  of  con- 
tbiQous  antisjphilitic  treatment,  to  which  the  arteritis  yielded. 

In  the  general  management  of  a  case  of  myelitis,  two  points  are  of 
nLtreme  importance.  One  is  to  avoid,  by  extreme  cleanliness  and 
Mure,  the  exciting  causes  of  bedsores.  The  skin  should  be  most  oare- 
iiUj  watched,  and  any  indication  of  deleterious  pressure  met  by  a 
change  of  position  or  an  alteration  of  the  mode  of  supporting  the  part. 
[Jetton  wool  is  Tery  useful  for  this  purpose.  If  there  is  a  marked 
iendency  to  trophic  changes  the  patient  should  be  placed  on  a  water- 
ed. When  there  is  incontinence  of  urine,  the  difficulty  of  avoiding 
irritation  of  the  skin  is  greatly  increased.  For  males,  a  bed  urinal  is 
iometimcs  useful,  but  often  it  causes  imtation  and  even  sloughing  of 
the  prepuce,  and  then  does  more  harm  than  good.  A  quantity  of 
boracio  or  salicylic  absorbent  cotton  wool,  changed  as  often  as  it 
becomes  saturated,  is  one  of  the  best  means  of  meeting  this  difficulty. 
It  must  be  remembered  that  the  prevention  of  bedsores  is  the  preven- 
tion of  one  common  cause  of  death.  Should  offensive  sores  form,  a 
quantity  of  picked  oakum,  placed  outside  the  immediate  dressing,  is  a 
cheap  and  most  effective  means  of  preserving  the  air  of  the  room 
Erom  the  foetor  of  the  sores,  and  is  also  a  useful  substitute  for  absorb- 
ent cotton  wool,  in  the  case  of  the  poor,  to  absorb  the  urine  or  receive 
feces  that  are  parsed  unconsciously.  Such  material  is  also  useful  for 
relieving  pressure  when  a  water-bed  cannot  be  obtained.  The  second 
point  in  management  is  the  treatment  of  retention  of  urine.  If  there 
is  either  simple  retention  or  overflow  incontinence,  the  bladder  must 
be  regularly  emptied  by  the  catheter,  great  care  being  exercised  to 
prevent  the  introduction  of  contaminating  germs.  The  importance  of 
daily  examining  the  abdomen  to  see  that  retention  has  not  occurred, 
eannot  be  exaggerated.  If  the  bladder  is  left  full  and  the  urine 
lUlowed  to  dribble  away,  inflammation  is  sure  to  be  Bet  up,  and 
probably  also  pyelo-nephritis.  If  cystitis  occurs,  antiseptic  washes 
must  be  used  to  lessen,  as  far  as  possible,  the  decomposition  of  the 
urine.  Under  this  influence  the  cystitis  usually  lessens,  and  one  grave 
danger  to  life  is  obviated. 

When  the  disease  of  the  cord  has  become  stationary,  the  patient 
may  be  allowed  to  move,  and  a  more  tonic  treatment  may  be  adopted. 
Iron,  quinine,  or  arsenic  may  be  given.  Strychnia  must  be  given  only 
in  very  small  doses  if  there  is  any  excess  of  reflex  action.  Occasional 
counter-irritation  may  be  employed,  repeated  frequently  if  any  im- 
provement seems  to  result.  The  limbs  may  be  rubbed,  and  any 
muscular  wasting  treated  with  electricity.  It  is  not  desirable  to  use 
electricity  as  a  therapeutic  agent  while  the  cord  disease  is  in  an  acutely 
sctive  stage.  Thera  is  no  evidence  that  the  application  of  electricity 
to  the  spinal  column  has  any  influence  on  the  process  of  recovery  of 
the  cord.      Its  chief  value  is  to  maintain,  as  far  as   possible,  tho 
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nutrition  of  wij  musclen  of  wbich  the  nerves  Lave  undet^ne  de- 
generation. Id  cases  of  dora&l  mvelitis,  in  whtcli  the  legs  are  well 
nouriflhed,  and  tbe  re6ex  action  is  ezceesire,  it  is  better  not  to 
applj  anj-  form  of  electricity.  Tbe  unavoidable  stimulation  of  ths 
sensory  nerves  tends  to  increase  the  rcflei  over-action.  Careful  atten* 
tiOQ  should,  in  all  cases,  be  paid  to  the  position  of  tbe  limbs  during 
the  stage  of  belplessDess,  so  as  to  avoid  aa  fur  as  possible  the  develop- 
ment of  contractions.  For  the  condition  of  active  spasm,  which  ofl*n 
develops  after  severe  myelitis,  not  luuch  can  be  done;  such  i 
treatment  as  can  be  adopted  is  described  in  the  chapters  oa  Piimaiy 
Spastic  PiiruplcgLa, 


Abscess  of  tub  Spinal  Cobd. 

Simple  inflammation  of  the  spinal  cord  scarcely  ever  goes  C 
the  formation  of  pus,  althougb  leucocytes  may  accumulate  at  certain 
]>oints  of  the  grty  matter  so  densely  as  to  constitute  microsco 
collections  of  pus,  and  in  very  rare  cases  of  this  kind  such  miu 
abscesses  have  been  sufficiently  large  to  be  visible  to  the  nuked  eye. 
Pus  only  forms  in  the  substance  oE  the  cord  in  considerable  quantity 
in  cases  of  purulent  meningitis.  In  most  instances  the  purulent 
meningitis  bus  l>een  of  septic  ori^pn,  rarely  traumatic.  In  thefurmer 
case,  suppuration  wilhiu  tbe  brain  may  coincide  with  that  in  tbft 
spinal  cord,  aud  in  tbe  latter  it  may  be  very  extensive  and  occar  at 
more  than  one  spot.  The  symptoms  are  those  of  an  acute  irritative 
myelitis,  but  they  are  ofteu  lost  in  those  of  the  purulent  memugitii 
which  precpilfs  the  disease  of  the  ford  itself.  Their  special  feature  is 
their  association  with  a  cause  of  septic  sujipuration,  as  well  as  with  a 
high  temperature  and  other  symptoms  of  a  septic  blood-state. 

A  good  example  of  the  disease  is  a  case  recoided  by  XothnageL 
A  patient  suffering  from  cough  and  most  offensive  expectoratioD  waa  : 
suddenly  seized  with  severe  pains  on  l«th  sides  of  the  abdomen,  ' 
attended  by  a  sense  of  constrii/tiou  and  quickly  followed  by  pamlysii 
of  the  bladder  and  of  the  k'g^,  with  loss  of  sensation  and  of  reflex 
action.  An  abscess  of  the  cord  Was  diagnosed.  After  death  there 
was  extensive  purulent  spinal  meningitis,  and  tbe  dorsal  anil  luiii1>ar 
cord  contained  an  extensive  collection  of  gangrenous  oSeosirc  pus, 
whi<:h  seemed  to  occupy  tbe  central  part  of  the  cord,  from  the  cervical 
enlargemeut  downwards.  Some  abscesses  were  found  also  in  tbe 
white  substance  of  tbe  brain.  In  another  case  described  by  TJllmanu* 
two  extensive  foci  of  suppuration  existed  in  the  cord,  one  cervical,  tbe 
ot I) er  lumbar ;  the  former  had  caused  extensive  destruttiou  of  ti8.''ue^ 
and  tbe  pus  bad  escagied  into  the  subdural  sp^ce.  The  aSection 
was  supposed  to  bu  secondary  to  gononbtea, 

•  ■  Z«>tjcl>r.  t.  k1.  M«1V  tvi,  1839. 


Embolism  or  the  Spihal  Cokd. 

The  occurrence  of  eniiiolisin  in  the  Bpiiml  cord  baa  not  yet  been 
proved,  but  a,  few  cases  have  been  met  with  which  euggeat  tbe 
pOHsibility  that  the  proctiss  ba,s  been  the  exciting  cause  of  an  acute 
mjelitiB.  In  a  young  man  with  mitral  regurgitation,  considerable 
weakaeBs  of  the  right  leg  came  on  suddenly — in  a  moment — witli 
tranfiieut  spasm.  The  onset  indicated  a  Budden  lesion  in  the  cord, 
wMcb  might  well  have  been  tbe  embolic  obHtruction  of  a  small  veBsel. 
In  a  case  recorded  by  Weiss,  a  boy  aged  siiteeu,  with  chronic  mitral 
disease,  was  suddenly  seized  with  complete  parapl^a,  followed  by 
bedsores,  &,c.  He  died  four  months  after  the  onset,  and  tbe  lumbar 
enlargement  was  found  completely  softened,  with  old  coagula  in  the 
arteries.  There  was  embolism  of  the  kidneTS  and  spleen,  and  the 
cortei  of  each  cerebral  hemisphere  presented  small  foci  of  softening. 
Such  caJies  justify  a  suspicion  that  embolism  may  be  the  cause  of  a 
sudden  lesion  of  the  cord  in  a  patient  in  whom  a  source  of  embolism 
exists,  and  tbe  process  has  occurred  in  other  organs. 
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le  spinal  cord  may  be  the  seat  of  chronic  inflammation,  which 
relops  slowly,  as  such,  in  tbe  course  of  a  fi^w  or  many  muntlis  ;  and 
the  condition  may  also  occur  as  the  sequel  to  acute  myelitis,  which 
insttrad  of  subsiding,  may  persist,  manifeutiDg  fi'oni  time  to  time  signs 
of  Activity.  It  is  often  difficult  to  say  whether  such  a  cunilition 
ehould  be  regarded  as  nn  acute  myelitis  that  has  not  subsided  or  a 
chronic  inflammation  beginning  acutely.  In  many  instances,  indeed, 
it  is  prolable  that  tbe  disease  is  most  accuracely  regarded  as  a 
combined  form  in  wbich  the  causes  of  both  are  operative,  and  a 
subsiding  acute  iiifliimmalion  is  arresled  and  maintained  by  the 
influences  that  would  be  capable  of  inducing  a  primary  chroaia 
myeUtis.  Such  progressive  tendency  is  especially  conspicuous  in  tbe 
diaseminated  form,  iu  which  tbe  foci  of  inflammation  may  remain  and 
fresh  ones  may  develop  from  time  to  time  in  a  cLrouio  or  subacute 
Biaitner. 

Thelesionsof  chronic  myelitis  resemble  those  of  acute  myelitis  in  seat 
aod  diatributioD,  and  intermediate  cases  connect  them  by  analogous 
Bubacutd  forms.  They  differ  from  acute  inflammation  both  in  the 
longer  time  occupied  in  their  development,  and  in  tbe  absence  of  tbe 
conGiderable  vascular  disturbance  which  forms  part  of  tbe  acute 
process.  Such  chronic  myelitis  may  be  focal,  disseminated,  or  diffuse. 
In  the  former  case  it  may  involve  the  whole  thickness  of  the  cord  at  a 
certain  level,  chronic  Irantvene  myelilit,  or  only  part  of  it,  eometimea 
DM  half,  occasionally  for  a  considerable  vertical  extent.     The  ehronie 
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ditieminaled  myelUti  m&j  resemble  tbe  corresponiling  subacute  form 
ia  distribulion,  nmn;  [lointa  of  iaflauimatiou  bcitii;  Bcatt«red  tbrougb 
a  small  region,  or  tbrougb  a  ]a.Tge  purt  of  tbe  cord,  and  its  ejiu|)U>ius 
may  become  diffuse  by  the  union  of  ihe  effects  of  the  disease. 

The  term  "ihronic  myelitis"  bus,  however,  been  used  in  a  much 
wider  sense,  and  has  even  been  applied  by  aoine  to  all  local  processes 
attended  by  an  increase  of  intemtitial  tissne.  whether  this  is  primary 
or  is  merely  sefoiidary  to  a  degeneratiou  of  the  Tierve-eleiuenti.  Thus 
the  degeneration  of  the  nerve-cells  in  j.rogreBsive  museiilar  atropfay 
has  been  regarded  and  described  by  many  aa  a  chruoic  myelitis  of  tbe 
grey  substuiice,  uot  with  standing  tbe  fact  that  there  is  usually  a 
degeneration  of  tbe  whole  motor  pith,  in  both  sefmeuts,  from  the 
cortex  of  the  brain,  through  tbe  pyramidal  tracts  uud  motor  oerreH, 
and  that  tbe  anterior  cornua  merely  constitute,  as  it  were,  a  focus  iu 
wbicb  the  effects  of  the  processes  are  especially  conspicuous.  Such 
a  morbid  process  is  evideutly  quite  different  in  nature  from  a  focus oE 
ordinary  inSatnmation,  in  wLich  tbe  primary  change  is  interstitial 
and  random  in  range  and  effects,  and  presents  no  limitation  to  func- 
tion in  tbe  incidence  of  tbe  consequences  on  tbe  nerve- structures. 
Whenever  this  latter  feature  can  be  traced,  the  malady  must  be 
regarded  as  a  "  system  disease,"  i.  «.  as  a  disease  affecting  a  system  of 
nerve-Btnictures  that  have  a  common  function.  If  "system  diseases" 
are  forms  of  inflammation,  they  are  "  parenuhjmatous  inflammations  j" 
and  those  that  are  chronic  in  course  from  beginning  to  end  are  more 
commonly  termed  "  degi'ne rations,"  and  are  so  classed  and  described 
iu  these  pages.  Only  tben  f  be  cbronic  interstitial  processes  of  random 
position  and  inQueoce  are  here  considered. 

Etioloot. — The  causal  relatious  of  chronic  myelitis,  even  as  thos 
limited  in  conception,  are  very  various.  An  inherited  neuropathic 
tendency  can  sometimes  be  traced,  but  far  more  rarely  than  i£  the 
cases  are  included  in  which  tbe  uerve-elementa  suffer  primarily.  The 
disease  is  most  common  in  early  and  middle  udult  life,  but  it  occun 
occasionally  in  old  age ;  it  is  met  with  in  both  seies,  and  is  perhaps 
more  prevalent  in  females  in  tbe  first  half  of  middle  life  and  iu  males 
in  tbe  second — an  important  fact,  because  so  many  of  tbe  cases  in 
young  adult  women  are  thouglit  to  be  hysterical  iu  nature. 

Various  conditions  which  lessen  constitutional  stren^b  predispose 
to  the  disease.  De&oite  cnusee  often  cannot  be  traced,  although 
many  of  the  exciting  causes  of  acute  myelitis  seem  capable  of  giving 
rise  to  the  chronic  form,  when  acting  for  a  considerable  time,  or 
frequently  repeated,  or  in  specially  predisposed  persons.  Thus  while  a 
single  intense  ei;posure  to  cold  may  produce  acute  myelitis,  frequent 
babitual  exposure  may  cause  tbe  chrouic  form.  Injury  is  a  frequent 
cause,  aud  seems  to  aet  in  more  than  oneway.  Chronic  inflammation 
may  develop  in  the  vicinity  of  a  damaged  spot,  when  the  traumatic 
lesion  may  have  been  too  slight  to  cause  prouounced  symptom*,  or 
may  have  caused  slight  effects  which  aio  subsequently  lost  in  tba 
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more  seTere  and  exti>n8LYe  coufiequences  of  the  myelitia.  In  otter 
cases  the  efEeula  of  the  lesion  may  be  too  slight  in  degree  to  be  at  first 
perceptible,  but  (either  by  a  alow  influence  on  the  proceaaes  of 
nutrition,  or  by  extensive  minute  interstitia.!  leaiona  that  iuducs 
aecoudary  tiuumatic  iciflammatiun)  the  ayniptonia  of  extensive  damage 
to  the  cord  alowjy  foUon  an  injury  that  haa  no  immediate  effect  on 
fuDCtioa.  These  cases  will  be  further  considered  iu  a  subsequent 
chapter.  Repeated  over-eiertion  baa  also  seemed  effective  in  some 
cases.  Sexual  excess  hoa  been  thought  to  be  a  cause,  but  on  less 
clear  eridenoe. 

Chronic  myelitis  may  be  aecondary  to  other  local  morbid  processes, 
especially  to  adjacent  iuBammutiou,  which,  when  it  also  causes  com- 
pression, invariably  gives  rise  to  chronic  mjelitis;  the  inflammation 
that  results  from   pressure  on  the  cord  may  be  either  chronic  or 

Another  series  of  cauaes  conaiata  of  conatitutional  states  capable  of 
^ving  rise  to  local  inOammatioaa,  Chronic  alcoholism  is.  perhaps, 
the  moat  influential  and  important  of  these.  Chronic  myeUtia  due 
to  it  is  usually  associated  with  chronic  meuingitis,  and  most  intense  at 
the  periphery,  beneath  the  inflamed  membranes  ;  but  it  thence  extends 
into  the  aubstauce  of  the  cord,  and  sometimes  tracta  of  irregular 
extent  and  position  are  involved,  without  connection  with  the 
membranes.  This  cauae  is  one  of  eapecial  importance,  because  it 
often  co-operates  with  others,  and  determines  effects  that  may  seem 
to  be  indi'pendent.  Its  effect  is  met  with,  for  example,  in  many 
cases  of  chronic  myelitis  that  are  excited  by  injury  and  seem  to  be  due 
solely  to  the  excitant,  although  the  results  of  this  would  have  been 
trifling  and  transient  but  for  the  tendency  induced  by  the  preceding 
and  often  profound  effect  of  chronic  alcoholism  on  the  tissues.  It 
also  complicates  many  caaea  of  multiple  neuritis  due  to  the  same 
cauae,  in  which  the  effects  of  the  peripheral  leaion  obscure  to  a  large 
extent  those  of  the  central  mischief,  by  causing  aymptoms  that 
prevent  the  recognition  of  the  latter,  since  ita  consequences  are  lost, 
as  it  wi;re,  in  those  of  the  damage  to  the  nerves. 

The  gouty  diathesis  is  another  cause  oE  chronic  myelitis.  We  are 
only  beginning  to  realise  how  often  it  acta  on  many  organs  and  tisauea, 
and  bow  frequently  inflammation  is  thus  induced.  It  is  certain  that 
this  is  a  common  cause  of  inflammation  in  the  aubatance  of  oi^ans 
and  in  mucous  membranes,  and  chronic,  aa  well  as  acute  myelitis,  ia 
among  its  effects.  Many  cases  are  due  to  this  Influence,  and  it  ie 
instructive  to  note  that,  like  chronic  alcoholism,  it  is  also  a  cause  of 
inflammation  of  the  peripheral  nerves.  The  disseminated  and 
progressive  forms  of  chronic  myelitis  are  especially  due  to  it,  and  the 
analogy  should  be  noted  which  these  present  to  the  irregular  forma 
of  perineuritis,  of  which  this  state  ie  alao  a  common  cauae.  It  is 
probable  that  many  cases  of  chronic  myelitia  in  young  adults,  at 
present   mysteriotis  in  origin,  and  ia  tJie  obstinately  progreesive 
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cbarocter  they  sometimes  manifest,  will  be  found  to  be  due  to  th« 
influence  of  inherited  gout,  which  is  certainly  capable  of  causing 
analogous  inflammation  elsewhere  in  the  nervous  system,  aa,  foi 
instance,  in  the  optic  nerves. 

Another  cause  of  chronic  myelitis  is  constitutional  syphilis.  Tbe 
forms  that  are  apparently  due  to  this  are  of  two  types.  (1)  A  diffuse 
interstitial  inflammation,  most  intense  at  the  periphery,  with  much 
new  formation  of  tissue  and  thickening  of  the  walls  of  the  vessels, 
both  processes  extending  into  the  cord  from  the  pia  mater,  in  which  a 
similar  damage  exists.  This  form  may  be  subchronio  in  course,  and 
presents  some  histological  correspondence  to  known  syphilitic  pro- 
cesses.  (2)  A  focal  very  chronic  indurating  myelitis,  such  as  shown  in 
Fig.  102,  which  has  no  distinctively  syphilitic  feature,  may  occur  in 
Tery  late  stages  of  the  constitutional  disease.  In  neither  form  does 
the  influence  of  treatment  afford  evidence  of  the  relation  to  syphihs. 
In  the  second,  sclerotic  variety,  it  does  not  appear  that  treatment  has 
any  power  to  modify  the  morbid  process,  and  in  the  first  it  is  evident 
that  any  cicatricial  process  that  could  be  induced  would  only  maintain 
the  damage  to  the  nerve-elements,  which  would  suffer  farther  from  the 
maintained  or  renewed  compression  under  the  prolonged  contraction 
of  the  enclosing  tissue.  Tet  the  occurrence  of  these  forms  in  the 
subjects  of  syphilis,  the  absence  of  other  causes,  and  the  circunutances 
that  the  negative  facts  are  not  without  analogieSi  make  this  causation 
on  the  whole  the  probable  one. 

Patholooioal  Anatomy. — The  morbid  appearances  vary  much  in 
the  different  forms.  In  most  cases  the  disease  is  revealed  to  the 
naked  eye  by  a  change  in  the  aspect  of  the  affected  part^  in  which  the 
white  substance  is  grey  in  tint,  and  the  grey  matter  darker  than 
normal,  while  both  are  reduced  in  size  in  cases  of  long  duFalion,  so 
that  the  whole  cord  may  be  lessened  at  the  affected  part»  and  its 
shape  changed  when  the  disease  does  not  involve  its  entire  thidmeas. 
But  in  recent  cases,  the  alteration  in  tint  may  be  themoeteonspieiiaas 
change,  and  may  be  visible  on  the  surface,  even  thioogh  the  pta 
mater ;  this  may  be  thickened  at  the  spot  if  the  disease  reaehee  the 
surface.  The  consistence  of  the  affected  area  may  be  k— ened  or 
increased.  Rarely,  in  recent  cases,  there  is  a  tlighi  increase  in  the 
site  of  the  affected  part.  In  some  recorded  cases  in  which  a  gnat 
increase  in  siie  has  been  described,  it  is  probable  thai  an  infilftniai^ 
glioma  was  mistaken  for  chronic  inflammation.  When  there  ii  one 
considerable  focus  of  disease  there  may  be  other  slighter  foci  in  the 
neighbourhood.  In  what  is  called  the  **  diffuse  **  fonii,  the  i^ifend 
areas  are  scattei^  through  a  considerable  extent  of  the  eord ;  ther 
may  blend  into  a  lesion  that  is  truly  diffuse,  or  may  resnain,  in  pons 
of  fact,  disseminated,  but  be  so  placed  that  their  effects  falend  ia 
what  may  be  termed  a  diffuse  influence.  Thus  it  majba  foond,  post 
mortem,  that  there  are  numerous  fod  of  disfase  when  nothing  in  the 
character  of  the  symptoms  prepared  us  for  a  diseeminaSed 
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It  is  probftble,  indeed,  that  thia  is  the  role  in  the  chronic  fonn,  ud 
m  actn&llj  diffose  eztenrive  inflammation  is  much  more  rare  tliao  ia 
■uggeated  hj  the  sjrmptoniB  of  the  diaeaae.  In  the  aecondar;  form, 
the  inflammation  ia  osoallj  confined  to  the  neighbourhood  of  the 
morbid  proceas  which  causes  it.  That  which  is  aecondsjy  to  meniii< 
gitia  is  most  intense  in  the  peripheral  port  of  the  cord,  but  sometimes 
extends  deeplj,  especially  when  the  cause  of  the  meningitis  is  one, 
mch  as  alcoholism,  capable  also  of  giving  rise  to  myelitis.     In  this 

FlO.  102.  Fio.  103. 

h     9^     ~  ~ 


Fto.  102. — Chronta  mjeUtU.  (After  Churcot  *ii^  QomlMDlt.)  B,  McUan  at 
tha  level  of  the  third  donal,  ibowi  both  the  poiterlor  colunmi  &nd  whole 
»f  left  hair  inflamed,  except  the  iDDgr  part  of  tbe  aaterior  colnniQ.  The 
■ffeeted  p*rt  <ru  grey  and  nniform  in  Mpect,  T^icular,  end  firmar  than 
DOTnial.  PU  tnater  and  arachnoid  thickened.  A.  aectinn  from  oerrical 
enlargement,  ihowiiig  Hciindar;  d^eneration  In  the  poaL-ined.  columns. 
Similar  foci  eiiited  in  tbe  pom.  &c* 

Fie.  103. — Chroido  icleratie  mjelitlt.  (After  Troiiler.)  A,  poeterior  riair 
of  the  affected  part,  lower  doraal  rrgion.  I'lie  dieeaied  arsae  were  grej 
la  aape«t  and  ere  indicated  bj  (hadiog.  B,  middle  of  leaion,  ibowing; 
•ztenaiTe damage)  C,  2|cm.  higher  ap,  tligbt«r damage;  D, cervical reeion 
aacendine  degeneration,  poaU-med.  cola.,  and  a  apot  of  ditease  in  latanl 
column  (probablj  part  of  the  aaoending  anl.-lat.  tract,  tecondaril;  dege- 
neraled.    £.  lower  part  of  leaion.    [See  next  fignre.)t 


*  The  patient  bad  had  ayphilia  twentj-one  y Sara  before.  The  aplnal  ajmptoma 
alowlj  dereloped  during  fllteen  montha,  and  conaialed  in  paraljai*  with  hyper- 
■athetia  on  the  left  aide,  with  loei  of  Mnaibilitj  without  paralyaia  in  tbe  right,  and 
a  band  of  anaMtheua  to  pain  aronnd  tbe  thorax  at  the  level  of  the  leaion,  bat  the 
aiental  dulneae  of  the  patient  prevented  accurate  obiervation  doling  the  laat  few 
montha  of  her  lifck  (Charcot  and  Oombault,  '  Arch,  de  Phy*.,'  1S73,  voL  vl, 
p.  143.) 

t  Tbe  patient  waa  a  woman  forty  yean  of  age.  The  aymptoma  alowly  developed 
daring  tha  thtM  yean  bafore  death,  and  conaiated  of  weakneaa  with  rigidity  in  the 
left  leg,  and  impairment  of  aanaibility  in  the  right,  firat  of  the  ti^mperataro-eeiiaa 
and  afterward*  of  tonch.  (No  obaervationa  were  made  on  aenrlbility  for  the  laat 
Bileeo  montha  of  the  patient'i  life,  during  which  the  leaion  we*  alowly  progroieing.) 
(Troialer,  'Areh.  da  Fbyaiologie,'  1873,  voL  v,  p.  716,  Caae  2.) 
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condition  almost  the  wbole  tbickneaB  of  the  cord  maj  be  inTolved  (cL 
A  and  B,  Fig.  105).  Now  and  tben.  when  there  is  no  primary  mtDin. 
gitts,  the  superficial  layers  of  the  cord  are  chiefly  daniaged,a(onn that 
has  been  termed  chronic  annular  myelitU  or  annular  aclerotu,  becaoH 
the  affection  extends  like  a  ring  around  the  cord.  This  formof  lenoD 
is,  however,  as  we  hare  seen,  sometimes  merelj  an  ascending  d^oe* 
ration  of  fibres  that  lie  near  tbu  surfuce,  aad  degenerate  above  the 
primaiy  lesion. 

In  chronic  mjelitis,  according  to  the  limited  use  of  the  term 
already  explained,  the  microscope  shows  that  the  inflammation  ii 
primarily  intcrstitiul.  The  affected  areas  always  stain  deeply  with 
tarmine  in  consequence  of  the  great  increase  in  their  conoectiTe- tissue 
elements,  and  may  be  occupied  by  a  dense  fibrous  reticulum,  in  which 
few  nerve-elemeu^  can  be  discovered,  as  in  Fig.  101.    In  less  afft-cted 


Fro.  lot. — Chronic  iclerotia  tnjelitu,  lame  cue  u  Fii:.  103;  Kctloa  oear  B, 
nnnei.  Aluioat  the  wbole  Irit  bulf  of  tbs  cord  (rigbt  In  Um  fiicnre)  k 
ch>u|ted  Into  a  denie  mui  of  ■lirnnlen  conneetive  tiHno,  and  tb«  rigbt  half 
i*  being'  iDTided  in  mmy  pirti  bj  tbe  umB  prooeu.  Tha  npp«r  imall  tgan 
i*  from  tbs  poiterior  colnmn,  ihoicing  >  tlilckened  reHcl  larronndrd  by  nacleattd 
tiune,  among  whicb  lie  neTTc.flljTW,  manr  of  them  macb  ■maU«r  than  uarmil, 
and  tome  with  (woIUq  aiii-r.v linden.  The  lawn  imall  flgnre  ii  From  ttw  right 
anterior  colamn  (left  in  figure)  j  th?  pU  mater  it  thiakened  and  eontaia*  mnj 
nuclear  element!  i  Trom  it  tbicli  tnbecalv  ei lend  into  the  wbtte  ■nbatanee  ud 
eneloM  •pace),  from  manj  of  whicb  tbe  Derre-fibcea  liare  perUbad.* 

parts  of  the  white  columns  there  is  an  irregular  increase  of  tbe 
interstitial  tissue,  partly  fibrillateti,  jiartlj  amorphous,  or  studded  with 
nuclei  (Fig.  104,  upper  small  figure),  while  in  other  parts  it  may  contui 
many  nucleated  cells,  oval,  fusiform,  or  stellate.     The  luge  sttUsIs 

•  from  a  aectioo  br  Prof.  Pietret,  kindly  lent  m*  bj  Di.  DicacUsld. 
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"■[udflr  cellB**   an  sometimes    rerj  coiupicuous    and   intenrtitial 
fibrooi  tracts  maj  be  traced  to  tbeir  mmifications 

Tb«  nerre-fibrea  waste  before  the  mteratitial  process  or  undergo 
destnictiTe  cbanges  from  tbe  beginnm^  Ther  may  at  first  present 
the  change  bj  which  tbeir  myebn  etaina  more  deeply  than  normal; 
afterwards  they  become  oarrotred  and  the  axis  cylinder  ii  often 
imegolailj  «nlai^ed.    Ultimately  many  or  all  the  fibres  disappear 


Fl».  105. — Chronic  metiinifo-niTelitw,  dns  to  ilroholi-m.  Sjrinfro-myellm, 
congnnital,  with  ccntrnl  glioinatoaii.  A.  loweit  part  or  eerrical  enUrps- 
nentt  pl^  mater  thiekened,  and  from  it  tncCi  of  titiue  BKtend  into  th« 
eord.  The  grenter  part  of  the  lectian  ii  ths  leat  of  ■  diffuM  mjeUlit, 
In  irhich  the  nerTe-fibrei  eould  b«  Been  with  diSoultj,  and  weit  >ap>- 
ratwl  bj  infl»niin«torj  product*.  Tbe  grtj  matter  WM  alao  mfTeoted, 
and  the  nerTe-eeJla  unic-h  changed.  Tbe  clear  apacei  In  the  ri)[ht  ant. 
eontn  ap;imred  occapied  bj  prodncti  of  degeiteratioli.  Central  canal 
greatly  dilated  and  mirronnded  bj  new  growth,  which  in  B  (Inmbar  sec- 
tion) baa  obTiierated  the  canal  and  thna  caaaed  it*  dilatation  abort.  In 
tliU  aeation  the  iBf«litia  i*  chiefly  paripberal,  and  tbe  gray  nutter  hM», 
far  the  moat  part,  neaped. 

from  the  affected  area.  Here  and  there  tbe  destmctioa  of  fibres  may 
be  ont  of  proportion  to  tbe  increase  in  the  interstitial  tissue,  so  that 
tblckenod  and  often  grannlar  tiabeculte  enclose  empty  space*.     This 
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is  uea^n  in  the  lower  small  illustration  in  Fig.  104 ;  it  is  apparently  t1i« 
reRult  of  the  participation  of  the  nerve-fibres  in  the  inflammatory 
process  during  a  more  general  stage,  in  which  all  the  elements  of  the 
tissue  were  involved.      In  the  recent  state,  products  of  degeneration, 
granule  corpuscles,  &o.,  may  be  found  abundantly  in  the  altered 
regions.       The   walls  of  the  vessels  are  thickened,   and   by  tbii 
thickening  the  cavities  of  the  arteries  maj  be  ultimatelj  lessened; 
those  of    smaller    size    may    even  be  closed.      Not    only    is  the 
wall  of  the  arteries  thickened,  but  around  them  the  increase  of  inter- 
stitial tissue  is  often  greater  than  elsewhere,  so  that  the  appearance  it 
as  if  it  had  spread  thence  into  the  adjacent  structures.     Undue  signi- 
ficance has  been  attached  to  this  condition,  especially  in  old  patients 
with  arterial  degeneration ;  it  has  been  regarded  as  evidence  that 
arterial  disease  sets  up  the  myelitis,  but  it  is  a  common  appearance  in 
all  forms  of  chronic  myelitis,  and  also  in  the  later  stages  of  acute 
inflammation.    It  is  probably  due  to  the  greater  activity  of  the  procett 
in  the  immediate  vicinity  of  the  vessels,  and  to  the  share  taken  by 
escaped  leucocytes  in  the  formation  of  new  interstitial  tissue.     The 
peripheral  arteries,  moreover,  occupy  tracts  of  neuroglial  and  fibrous 
tissue  proceeding  from  the  pi;i  mater,  and  the  increase  of  interstitial 
tissue  is  connected  with  these;  some  of  it  is,  on  this  account,  found 
in  the  vicinity  of  the  arteries. 

In  the  grey  substance  there  is  a  Himilar  increase  of  connective- 
tissue  elements,  so  that  the  altered  part  takes  a  deeper  stain  with 
carmine  than  the  normal  grey  substance,  and  has  a  denser  structure^ 
from  the  greater  amount  of  supporting  tissue.  The  nerve-elements 
become  atrophied;  the  ganglion-celU,  at  first  swollen  and  rounder, 
afterwards  shrink,  until  ultimately  they  may  be  reduced  to  small 
angular  bodies,  and  they  even  may  disappear.  The  nuclear  corpusclei 
about  the  central  canal  are  often  increased  in  quantity,  and  the  canal 
obliterated,  but  this  condition  is  so  common  in  otherwise  normal  cordi, 
that  no  importance  can  l>e  attached  to  it.  A  considerable  increase  of 
tissue  about  the  central  canal,  closing  it  below  and  causing  it  to  be 
dilated  al>ove  (i^'ig.  105,  **6yriugo-myelia")»  has  been  ascribed  to 
chronic  inflammation  around  the  canal,  but  the  abnormal  tissue  is 
probably  always  of  gliomatous  nature,  consisting  of  a  development 
of  tissue  that  is  in  congenital  excess,  owing  to  an  arrest  of  develop- 
ment. 

The  pia  mater  is  gruatly  thickened  over  the  inflamed  parts,  is 
alrea<lT  stated,  and  in  some  cases  tbe  affection  of  the  membrane  is 
general,  and  that  of  the  cord  most  intense  beneath  it — a  condition 
termed  "  chronic  meningo-myelitis.**  It  is  this  form  that  is  shown  in 
Fig.  105.  The  tracts  of  new  tissue  that  pass  into  the  cord  are  dense 
and  wide.  As  already  mentioned,  this  change  may  be  accompanied 
by  a  deeper  and  sometimes  a  more  diffuse  inflammation,  aa  in  i,  f^ 
105.  in  which  the  affection  of  the  cord  is  greater  and  that  of  the  men- 
braued  less  than  in  b«      The  chronic  mjehtia  that  oocora  in  syphilitii 
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subjects  maj  present  no  specific  characters.  In  some  cases.  However, 
the  cell-forination  has  been  abondant,  and  has  been  associated  with  a 
tendenoj  to  fattj  degeneration  in  the  older  portions  of  the  lesion  aud 
with  a  similar  degenerating  hyperplastic  inflammation  of  the  pia 
mater.  The  oonditiou  is,  however,  clearly  one  of  chronic  inflamma- 
tion, and  not  of  a  syphilitic  growth.*  Nevertheless  an  actual  growth 
does  sometimes  coexist  with  a  focus  of  syphilitic  myelitis ;  it  is  pro- 
bable that  in  such  cases  the  growth  is  usually  the  primary  change. 
This  may  be  distinguished  by  the  indications  of  compression  and 
displacement  of  the  adjacent  elements  of  the  cord,  a  condition  which 
•hows  that  there  is  an  actual  new  formation. 

The  more  recent  the  inflammation,  the  larger  is  the  proportion  of 
eellfl  and  nuclei  in  the  interstitial  tissue ;  the  longer  it  has  existed* 
the  greater  is  the  amount  of  fibrillation  it  presents.  The  very  chronic 
indurating  forms  are  sometimes  called  "  sclerotic  myelitis,"  or  "  focal 
•derosis  of  the  cord.'*  From  the  various  areas  of  inflammation 
secondary  degenerations  proceed,  ascending  or  descending,  and  these 
may  complicate  the  aspect  of  the  disease — a  fact  which  has  not  always 
been  sufficiently  considered  in  interpreting  the  morbid  ap|^>earances. 

Symptoms. — The  symptoms  of  chronic  myelitis  vary  much  according 
to  tbe  cbaiacter  of  the  morbid  process.  For  the  most  part  they  cor- 
respond in  character  to  those  that  are  produced  by  acute  inflamma- 
tion, differing,  however,  in  their  mode  of  onset.  It  is  therefore  not 
necessary  to  re{:>eat  them  in  detail.  Different  cases  may  manifest 
admost  every  symptom  that  can  be  produced  by  disease  of  the  spinal 
cord.  There  may  be  various  motor  aud  sensory  paralyses,  coutrac- 
toreSv  and  even  muscular  atrophy,  but  their  common  feature  is  their 
l^^radual,  and  often  successive  development.  In  the  most  common  form, 
focal  myelitis  of  the  dorsal  region,  partial  or  transverse,  the  symptoms 
are  paraplegic  They  differ  but  little  whether  there  is  a  single  area 
of  disease  or  several  foci  near  together  implicate  adjacent  structures. 
Motor  power  is  usually  impaired  far  more  than  sensibility.  Subjec- 
tive sensations  are  often  prominent  and  early  symptoms,  whether 
there  is  amesthesia  or  not, — tingling,  "  pins  and  needles  '*  in  the  legs, 
a  sensation  as  if  fur  or  wool  covered  the  skin,  sometimes  with  dull  pain 
in  the  legs  and  back,  especially  after  exertion,  and  commonly  also  with 
a  well-marked  girdle-pain  at  the  level  of  the  chief  lesion.  Some  loss 
of  sensibility,  partial  in  kind  or  in  seat,  will  often  be  found  if  care- 
fully searched  for,  but  there  is  not  often  absolute  loss  of  sensation 
except  in  the  rare  cases  of  intense  local  sclerotic  myelitis,  by  which 
conduction  may  be  arrested  as  completely  as  by  a  growth.  The 
onset  of  the  motor  weakness  is  gradual ;  many  months  may  pass 
before  the  power  of  walking  is  considerably  impaired.  As  the  legs 
get  weak,  excess  of  reflex  action  is  developed  (unless  the  reflex  struc- 
tures are  damaged).     The  knee-jerk  is  increased  ;  foot-clonus  occurs 

*  See  Kozcm, '  Qay's  H«»p.  Repurts,'  1871,  and  Charcot  and  Qombault,  'Arch,  dt 
Phjaiologie,'  1873. 
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the  leg*  *I*  ™  *»*■"■  poadmu;  moi  ft  tendency 
allj  denlo|w,  and  ii  tbmbi  W  \he  oonditioa  typical  o: 
kps."      ne  ^Uartcra  Creqnentlj  akue  tbe  impainneDt  of 
iMTcvHiit  IB  sometimes  affected, 
(  aad  dofect  of  equilibrium,  latita 
thaa  ■•  pan  Btaxj. 

n»  s^ptoms  aav  tcta  sa  iniiltBDMraslr  in  the  tvo  legs,  or  one 
teaj  li«  ftSocUd  b^on  tte  other,  and  occNsiomilly  the  pa.raljRis 
mebcs  s  h^  degree  in  oae  lug  vliDe  tiie  otli^r  still  possesses  fuir 
•tnagth-  When  coe  half  of  d»  coird  b  Affeiied  almost  alone  (as  io 
the  ledoB  shown  in  Fig.  105),  there  jdat  even  be  a  crossed  paralfgii 
of  motion  aad  seMatioa. 

Ckrvmie  polio  wyrftfi's  i>  oAen  recorded  tu  a  distinct  Taricty,  bnt 
madi  ooofuaion  has  arises  from  th«  fact  If  chronic  myelitis 
develops  in  the  eerrical  and  Inmlnr  enlargement,  muscular  wasting 
i*  osuallj'  added  to  tbe  Other  STmploms.  Similar  utropbj  occurs  also 
ID  the  wideW  diffnsed  form  of  chronic  myelitis,  in  vhicli  almost  all 
parts  of  the  cotJ  suffer,  and  it  mar,  indeed,  be  the  most  conspicuous 
sjmptom.  It  is  always  irn-cfular  in  distribution  in  these  cases,  and  it 
may  be  combined  with  other  symptoms,  p&ls;  and  aussthesia,  also 
ixre^ilu-  in  extent  and  s««t.  Tbe  muscular  wasting  varies  in  the 
rapidity  of  tbe  derelopment,  according  to  tbe  charact«r  of  the  inflam* 
matioa,aud  theiv  are  corresponding  variations  in  the  relations  to  it  of 
the  loss  of  power  iu  the  muscles  and  also  in  the  eleutridtl  reactions 
thoy  present.  In  rery  chronic  cases  there  is  a  slow  failure  of  electrical 
irritAbility  to  both  currents ;  in  others  of  more  rapid  course  the  voltaic 
irritability  persists  longer  than  the  fanidic  irritability,  and  there 
may  be  a  distiuct  degenerative  reiactton.  Tbe  symptoms  may  com- 
mence io  the  arms  or  in  tbe  legs,  but  they  ultimately  become  generul 
in  most  cases,  and.  acc-ordiQ<^  to  the  place  of  their  commencement, 
may  B<-em  lo  have  an  ascending  or  descending  course.  Occasionally 
the  disease  begins  in  the  dorsal  region,  and  after  a  time,  perhaps 
years,  it  spreads  to  tbe  enlai^ements,  and  tbe  muscular  wasting 
added. 

The  course  of  chronic  myelitis  is  usually  slow  and  progressive.  The 
symptoms  often  increase  so  gradually  as  only  to  atiikin  a  considerable 
degree  at  ihe  end  of  two  or  three  years.  At  any  stage  the  prepress 
of  the  disease  may  cease.  The  chronic  tourse  may  be  varied  by 
occasiuiial  more  rapid  increase  of  the  symptoms,  due  to  subacute  or 
even  acul«  processes  in  the  diseased  parts.  Bvery  degree  of  chronicitv 
is  met  with,  and  subchronio  cases,  in  which  the  symptoms  develop  in 
the  course  of  a  few  months,  effect  a  gradation  to  tbe  acute  and  sub* 
acute  forms  of  myelitis.  The  durutioo  of  the  disease  varies  fromsil 
months  to  ten  years  or  more.  Thus  in  one  case  the  symptoms 
slowly  increased  during  about  seven  years,  and  then  became  stationarv, 
and  the  pati^'it  died  twenty-three  years  after  the  onset. 

DiAONOSis. — The  diagnosis  of  chronic  myelitis  rests  on  the  alow dan> 
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[opmeot  of  symptoms  indicating  a  random  process  in  the  spinal  cord, 
k  «.  a  process  which  damages  irregularly  structures  of  various  functions, 
and  thus  cannot  be  looked  on  as  a  "  system-disease.*'  The  maladies 
Prom  which  it  has  to  be  distinguished  differ  according  to  the  seat  and 
^haiiacter  of  the  inflammation.  Dorsal  transverse  or  focal  myelitis 
tnay  be  coufounded  with  compression  of  the  cord,  with  a  tumour  in  it, 
md  with  primary  lateral  sclerosis.  The  distinction  from  pressure 
rests  on  the  absence  of  a  cause  of  compression,  such  as  bone  disease, 
— especially  the  absence  of  the  signs  of  a  morbid  process  outside  the 
cord,  preceding  those  of  damage  to  the  cord  itself,  e.g.  the  pains 
Lbat  indicate  irritation  of  nerve- roots.  A  tumour  with  u  the  spinal 
cord  also  causes,  in  most  cases,  more  irritation  of  the  root-fibres  than 
does  chronic  myelitis.  If  myelitis  involves  one  half  of  the  cord 
much  more  than  the  other,  the  symptoms  may  closely  resemble  those 
of  an  in tiu- medullary  growth.  But  a  tumour  never  causes  much 
damage  to  one  half  of  the  cord  without  interfering  considerably  with 
the  functions  of  the  other  half,  and  the  symptoms  in  chronic  myelitis 
may  be  strictly  unilateral.  The  distinction  from  primary  spastic 
paraplegia,  the  so-called  "  primary  lateral  sclerosis,"  is  often  one  of 
Roaie  difficulty.  The  motor  state  of  the  legs  may  be  identical  in  the  two 
liseases ;  in  each  there  is  the  same  extensor  spasm,  and  in  each  there 
is  a  slow,  gradual,  and  apparently  simultaneous  onset  of  the  weakness 
uid  spasm.  The  distinction  is  that  in  primary  spastic  paraplegia  the 
lymptoms  are  purely  motor;  there  is  no  indication  that  the  lesion 
extends  beyond  the  motor  structures.  In  chronic  myelitis,  on  the 
>ther  hand,  there  is  such  indication,  either  by  the  impairment  of 
lensation,  or  by  the  presence  of  a  girdle  pain.  This  distinction  is 
infficient  in  the  majority  of  cases. 

The  form  that  involves  the  grey  matter  has  to  be  distinguished 
chiefly  from  pachymeningitis  and  degenerative  muscular  atrophy. 
[n  pachymeningitis,  the  muscular  wasting  may  be  similar,  but 
ui8B&».hesia  is  usually  much  more  considerable  in  range  and  in  degree, 
iud  there  is  more  pain  in  the  limbs.  If  there  are  similar  symptoms 
in  both  arms  and  legs,  myelitis  is  far  more  probable  than  pachy- 
meningitis, since  the  chronic  inflammation  of  the  membranes  is  less 
extensive  than  that  of  the  cord.  From  progressive  muscular  atrophy, 
the  chief  difference  is  in  the  random  distribution  of  the  wasting,  the 
jtbsence  of  symmetry,  and  the  indications  of  irregular  damage  to  other 
itructures  in  the  cord,  as  the  occurrence  of  pain  and  of  loss  of 
lensation.  But  it  must  be  remembered  that,  by  some  authorities, 
most  cases  of  chronic  spinal  muscular  atrophy  are  regarded  as  due  to 
chronic  myelitis. 

For  the  distinction  from  other  less  common  diseases,  the  reader 
must  be  referred  to  the  description  of  them.  Like  all  other  organio 
liseases,  cases  without  wasting  of  the  muscles,  occurring  in  females, 
ure  often  regarded  as  '*  hysterical  paraplegia ;"  the  distinction  rests 
)n  the  points  already  described.     It  is,  however,  one  of  the  diseases 


tlw  iatnetabOitj  of  tfae  Borfaid  praeen.  ite  Enqoeatlj  faegreHiTa 
teaieaef,  sad  the  pentitepee  of  dmaage  wtuA  »  ■IowIt'  prodoeea. 
Bat  cuea  rftrf  wiM7,  eapedallj  in  the  two  fmer  hAtore^  aod  it  i« 
■  diaeaae  in  vhieli  gumaai  p»og»ci«tic  n^tm  can  ■eairelj  be  fawnilatad. 
3%e  obKired  lendea^  of  am  iadmdml  can  is  ftlooe  ft  trottvoitlij 
gnide.  Axrat  oi  the  diMue  ■■  often  obtained,  bat  actonl  reooreij 
ia  ma.  ne  pragnoeie  is  little  aiffeeted  by  the  seat  or  extest  of  the 
jcDccss,  eiee|it  tfaat  tbe  iisplitarion  of  tbe  gnj  matter  of  tbe  eolarge- 
iMats  ii  genRmUr  an  on&TtnaUe  indicatton.  Hie  BOTeritj  of  t^ 
leBOB,  as  alunrn  b;  tbe  degree  of  the  spsptoms,  is  i^ifieaat  cdtiefl/ 
in  cases  of  long  dimticoi,  and  ia  mbordinate  to  tbe  eoarae  and  moda 
ei  onset.  If  it  can  be  sirested,  tbe  prospect  of  improretneot  it 
better  the  slower  bas  been  the  derelopiBeDt  of  the  diieaie,  and  tb« 
ihorter  tbe  time  the  symptoms  bsTS  lasted.  Ia  general,  moteovei^ 
the  prospect  is  better,  the  fewer  the  foci  of  inflammation,  in  males 
than  in  females,  and  in  trues  of  aniform  th&n  of  recurrent  or 
relapsing  course.  Preoedia^  sTpfailis  does  not  materially  modify  the 
prognoais ;  hence  the  great  importance  of  the  diagnoais  from  sjrpbilidc 
growth,  in  which  suitable  trealmeDt  has  a  most  certain  effect.  The 
ultimate  danger  to  life  is  least  iu  focal  mjelitia  in  the  dorsal  region ; 
it  is  greatest  in  the  diseemiaatfd  form,  especiallj  in  tbe  less  chronio 
eases  with  a  tendency  to  sloughing  of  the  skin,  and  ia  the  more 
chroaic  forms  with  tansc-ular  wasting.  Tlie  indit^tions  drawn  from 
the  iavasion  of  the  respirator/  muscles,  and  from  the  presence  of  any 
of.  tbe  complications  that  eo  often  terminate  life,  are  tbe  same  as  in 
other  diseasea  of  tbe  I'ord. 

Treathbnt. — The  first  and  most  important  measure  is  tbe  improre. 
meat  of  the  general  health,  by  rest,  change  of  air,  and  tonics.  All 
causes  of  physical  and  mcatnl  depression  must,  as  far  as  possible,  be 
removed.  Orer-eiertion,  and  e^en  fatigue,  should  be  aroided,  and 
tbe  patient  should  be  kept,  as  far  as  possible,  from  exposure  to  cold. 
Absolute  rest  for  a  short  time  ia  oft^n  useful  at  tbe  outset  of  tbe 
treatmcut,  especially  when  there  bos  been  a  somewhat  rapid  develop. 
ment  of  Bjmptoma.  In  cases  of  purely  cbroQio  course,  absolute  rest 
should  not  be  maintained  for  more  tbaa  a  few  weeks,  or  the  patient 
may  find  it  bard  to  regain  his  former  muscular  power.  Counter- 
irritation  at  tbe  situation  of  the  disease  is  often  useful,  and  most  so  in 
coses  in  wbii'h  tbt^re  is  spinal  [>ain  or  tenderness.  Repeated  sinapisms 
or  blisters  may  be  employed,  but  a  mild  form  of  the  oi'tual  cautery  is 
on  the  whole  tho  most  useful.  A  superficial  bum  or  evt-n  slight  reaictw 
tion  ia  sufiicjcnt  on  eueh  side  of  the  spine  opposite  the  aSected  part. 
It  should  bo  repeated  as  soon  as  tbe  skin  has  healed,  and  if  linear 
cauterisatiou  is  adopted  the  fresh  line  can  be  made  beside  tbe  old  one. 
A  hot  douche  to  tbe  bai:k,  at  a  temperature  of  103°  or  1U4°  F.,  applied 
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dailjy  has  been  stronglj  recommended  bj  Brown-S^uard.  Wann 
brine  batbs,  and  Tarious  thermal  mineral  watera,  hare  been  also  said 
to  do  good.  A  sea  voyage  is  often  of  service,  combining  as  it  does 
the  maximum  of  fresh  air  with  the  minimnm  necessity  for  exertion. 
Drags,  unfortunately,  often  fail  to  influence  the  morbid  process,  but 
neyertheless  they  are  occasioualiy  useful,  so  as  distinctly  to  justify  their 
earefol  trial  in  most  cases ;  and  it  is  important  to  remember  that  those 
that  are  useless  in  one  stage  or  period  of  the  disease  may  yet  be  of 
unquestionable  service  at  another  stage.  Tonics,  as  quinine  andiron, 
should  be  given  if  indicated.  Most  of  the  measures  recommended, 
and  precautions  advised,  in  the  treatment  of  acute  myelitis  are 
needed  in  the  chronic  form,  and  it  is  therefore  superfluous  to  repeat 
them.  Those  drugs  that  most  deserve  a  trial  are  arsenic,  small 
doses  of  mercury  (such  as  -^  gr.  of  the  red  iodide),  and  iodide  of 
iron.  Energetic  mercurial  treatment  rarely  does  good,  even  when  the 
patient  has  had  syphilis,  and  sometimes  it  does  harm.  Iodide  of 
potassium  seems  to  have  little  influence  on  the  disease.  Nitrate 
of  silver,  ergot,  and  phosphorus  have  been  recommended.  Strychnia 
is  chiefly  useful  in  cases  in  which  there  is  muscular  wasting,  but  is  of 
far  less  value  than  in  the  degenerative  muscular  atrophy.  The 
treatment  of  other  symptoms  is  that  suitable  in  primary  spastic 
paraplegia  or  progressive  muscular  atrophy,  and  described  iu  the 
aooount  of  those  diseases. 


COMPRESSION  OP  THE  SPINAL  CORD. 

Compression  of  the  spinal  cord  is  a  common  consequence  of  various 
morbid  processes.  Inflammation  is  almost  always  excited  by  the 
pressure,  and  interference  with  function  occurs,  partly  from  the 
pressure  and  partly  from  the  resulting  myelitis.  The  symptoms  pro* 
duced  have,  in  different  cases,  many  characters  in  common,  although 
they  vaiy  according  to  the  mechanism  of  the  compression  and  the 
acnteness  of  the  inflammation.  It  is  only  when  there  are  indications 
that  an  acute  myelitis  has  damaged  the  nerve-elements  that  we  are 
justified  in  regarding  the  interference  with  function  as  an  effect  of 
the  inflammation. 

Oausss. — The  morbid  processes  that  may  compress  the  cord  are 
those  that  involve  an  encroachment  on,  or  occupy  part  of,  the  vertebral 
canaL  The  chief  are  the  following: — Disease  of  the  bones  of  the 
spinal  column,  especially  caries;  growths  in  the  spine;  aneurism 
eroding  the  bones  and  then  compressing  the  cord ;  growths  in  the 
membranes;  thickening  of  the  dura  mater.  These  processes  have 
usually  only  a  small  vertical  extent,  and  the  pressure  they  exert  rarely 
extends  over  more  than  a  few  inches. 


BPINAL  COKD. 

Pathological  Anatoky.  —  Tho  coril 
nsuiilly  presents  evideuce  of  the  comprea- 
aioti  it  has  endured  in  consitlerable  nar- 
rowing at  the  spot,  where  it  maj  be  in- 
deateil  and  flattened,  or  cylindrical.  Some* 
times  the  reduction  in  aiie  ia  extreme;  for 
an  inch  or  eo  the  cord  maj  be  reduced  lo 
ODe  third  of  its  normal  diameter,  and  it 
b:iH  even  been  found  no  thicker  than  & 
crow-quill.  An  example  of  Battening  is 
shown  in  Fig.  lOf!.  On  the  other  hand, 
tbere  is  someliinea  Terj  little  narrowiD); 
to  be  di^certied.  At  the  compressed  pari 
the  cord  Js  iisuaily  grey  io  tint;  its  consisU 
ence  is  lessened  in  early  cases,  and  in- 
creased in  tlioso  of  long  duration,  Tbu 
change  in  colour  and  consielence  is  due 
to  the  inflammation  of  the  substance  of  th« 
cord  which  always  resulte  from  pres«are, 
and  may  often  be  traced  for  some  distance 
above  and  below  the  com|ire3sed  part. 
When  there  is  much  corcfresaion  there  ia 
always  niucb  iuflamumtion,  butcousideraiile 
myelitis  may  occur  when  the  amount  of  com- 
prcBsioQ  ia  slight.  The  infljLmmation  uiay 
be  chronic  and  alow,  developing  in  propor* 
tJOQ  to  the  pressure,  or  it  may  be  subaeutA 
or  acute,  even  when  the  preeaurs  ia 
gradual.  The  sigua  of  inflammation  ara 
very  distinct  on  microscopical  eiamina- 
tion,  and  resemble  those  in  other  forma  of 
myelitis.  There  is  a  general  increase  in 
the    interstitial    tiaaue  ;    io    this,   at  finit^ 


Fio.  106.— Compmiioii  of  tb«  apintl  cord  and  { 
■ure-mjpiitiB,  in  ■  cue  of  curio*  of  tiie  >i^a.  D, 
miil-diinHl  region,  dot  the  cliirf  pn'iDC  of  grratest 
ciiinprcBiiou  i  the  c:ord  i*  cBiraueil  from  befnrs 
bickward*,  KDd  >«  nniforiulj  dania^ed  b;  inOsn- 
tn"tiou,go  that  the  gnj  lu  bit  si  ice  cud  KarceJj  b* 
dUtinguUhed.  C,  It  iiiubM  liigher  up,  ibom  a 
tjighterdrgree  of  niyplitii,  itiU  exlrndlng  thmngrb 
the  whole  tblckn'H  of  the  cord.  B,  fimt  donal  -.  )be  mjelltii  u  nmch  allKbter 
■Dd  the  cliief  dii«u  ii  in  the  poiterior  colnmni,  io  which  ■utDding  dtgenentiaa 
oeenpiM  the  poit-roedian  column"  and  cliend*  cmlwurds  into  Ihe  pMi-utoml 
colamna.  E,  I}  inchet  below  the  point  of  gremtett  prei»ure|  iiiQamniBtioa  stfll 
eitendinfc  through  all  the  elemontJi  of  the  cord.  F,  S  iocha*  lowt^r  down,  sbiMrs 
onl.T  detcending  doEi-nrrntion  In  the  pyramidal  trieC*,  entprlor  and  Utsnd,  and 
abo  the  *•  eommn-ihaped  "  dt^cendin^  degeneration  in  the  anterior  part  of  a* 
pwt.-eiterual  i-otomn.  In  0,  it  the  towcet  part  of  the  duNal  rr|.-loii,  the  eoiOIW 
■haped  degeiieraiioti  hsi  rravd,  and  •■■Ov  that  of  (be  pjrKDiida!  tracU  Tamalaa. 
(From  prepamtiuua  bj  Dr.  F.  0.  Pti.roi.,) 
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rioos  cell-foniu  ma;  be  toand,  bat  it  ultimatelj  presents  tbs 
E>e«rance  of  a  dense  reticulam.  The  nerre^lements  undei^  de- 
uration.  and  sbundaot  masses  of  myelin,  granule  corpuscles,  and 
"poTA  amjlacea  are  visible  in  the  fresh  state  or  in  glycerine  pre- 
radoni  of  the  hardened  cord  (Fig.  107,  c).  Man;  Derro^fibrea 
rnit,  howerer,  irith  a  narrowed  sheath  of  myelin,  and  it  is  probable 
»X  these  regain  the  power  of  conducting,  in  spite  of  the  persistenoe 
oonsiderable,  and  even  dense  sclerosis  in  the  part.  In  extreme 
m  all  the  fibres  seem  to  be  destroyed  at  tbepoiatof  chief  comprei- 


Tie.  107. — Piwunre-mjelttli  i  portion!  of  the  wction  D  in  Fin.  106  mora 
ilghlj  mapnided.  A,  froni  the  )^y  miittn,  namerOMi  angular  and 
fnaifonn  celli)  lauela  vith  walli  tliiekeoed  bj  a  pixrth  of  eella,  nar- 
rowing th*  cavity,  which  id  aome  i*  oblitarated.  B,  from  the  whita 
eolnmni;  thicksntng  of  tha  intrratitia)  tiune,  nerrp.flbraa  in  pnrt 
dfrtnijcd.  in  part  narroned  ;  K  >e*>al  with  thickened  walli.  C,  glvcerina 
pnpantiaD  from  whita  anbitance  j  abdndftnt  prodQetaordencnentloQ  of 
the  nerve-fibrei.  In  part  agarrsat^l  into  gr&nule-mM*««.  D,  lection  of 
a  nerTB-root  paatin);  bj  compreaaed  area  ;  incrcaaa  of  interatitial  tittae, 
nmnj  ncrTF-flhrea  narrowed,  lome  with  ■wollan  axia-cjlinden. 

on,  but  there  is  never  an  actual  dlTieion  of  the  cord  itself.  The  grey 
atter  can  scarcely  be  distinguished  from  the  white,  even  with  the 
licroacope,  and  the  ganglion -cells  become  shrunken  and  alruphied. 
he  walls  of  the  small  Teasels  are  often  thicltcned  by  spindle-cells, 
iipoaed  more  or  less  concentrically  to  tbe  caTity,  which  is  encroached 
pon  and  may  be  obliterated  (Fig.  107,  ^  b),  a  process  that  must  add 
)  the  degree  of  damage  to  the  cord.  The  signs  of  inflammation 
radually  lessen  above  and  below  the  compressed  part,  but  often 
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etleuA  for  Bome  inches  in  cacli  direction.  Bejond  iU  limits  tbe  usual 
ascending  and  deaceadiug  degeneiutions  maj  be  tra«i^  (F'g-  106). 
The  nerve-roots  passing  by  the  seat  of  compression  suffer  from  tba 
pressure,  aad  from  interstitial  io flammation  excited  in  tbem-  Ihej 
are  usually  grey  in  tint  and  ultimately  waste,  and  may  even  b« 
reduced  to  fibrous  threads.  The  microscope  shows  increase  of  the 
interstitial  tissue,  wasting  of  many  nerve-fibres  (Fig.  107,  s),  and 
enlargement  of  some  axis-cylinders. 

SxHFTOHS. — The  effects  vary  much  according  to  the  degree  of  pres- 
eure,  its  rapidity,  its  direction,  the  amount  and  charai-ter  of  theiutlam- 
mation  produced,  the  amount  of  damage  to  the  nervo-roolB,  and  tbe 
position  of  the  disease.  The  symptoms  in  most  cases  enable  Uie 
fact  of  slow  compression  to  be  inff.'iTed,  even  when  there  is  uo  indica- 
tion of  the  caose.  Tbey  are  of  two  classes :  (1)  interference  with 
the  function  of  the  nerve- roots  at  the  level  of  the  morbid  process ; 
<2)  interference  with  the  functions  of  the  cord  itself.  The  cord 
symptoms  consist  chiefly  in  impaired  conduction,  manifested  in  ths 
[■arte  below  the  lesion.  The  central  functions  of  the  cord  (reflex 
Liction,  &e.)  at  the  level  ot  the  lesion  are  abolished  by  the  pressure,  but 
the  symptoms  of  this  abolition  are  often  lost  in  those  of  the  damage 
to  the  nerve- roots. 

Of  the  rout  s^vmptoms  the  most  constant  is  pain,  exteuding  along 
ihe  course  of  the  nerre-flbre^,  and  through  the  area  of  their  distribo* 
lion.  The  seat  of  these  pains  depends  on  the  position  of  the  disease; 
ihey  may  be  felt  in  the  arms,  around  the  thorax  or  abdomen,  or  in  the 
legs.  They  are  usually  sharp  pains,  resembling  neuralgia  in  character, 
iiometimes  accompanied  by  teuiter  points.  Occasionally,  when  feltiu 
the  limbs,  they  are  referred  especially  to  the  joints.  The  pain  may  be 
intermitting  or  constant.  It  may  exist  alone,  for  a  loug  time,  in  a  dis- 
ease that  increases  slowly,  and  sometimes  may  be  the  only  symptom, 
although  some  comprestjion  of  the  cord  occurs.  With  it  there  is  usually 
hypeneslbesta  of  the  skin,  often  intense.  After  a  time  ameathesJa 
develops  in  irregular  areas,  in  spite  of  the  persistence  of  the  pain, — 
the  condition  termed  "  anwe/hesia  dolorosa."  Irritation  of  the  motor 
nerve-roots  may  cause  ^jaiuful  contracture  of  the  muscles,  but  thi 
on  the  whole,  rare,  and  the  chief  motor  symptoms  are  due  to  th» 
interruption  of  the  fibres — muscular  weakness,  gradual  in  onset,  audi] 
accompanied  I  y  wasting.  The  mpidity  of  the  atrophy  varies  much,  and 
with  it  the  electrical  reaction.  When  slow,  there  may  be  merely  a  pro- 
gressive diminution  in  irritability  to  faradism  and  voltaism ;  when 
rapid,  there  is  often  the  degenerative  reaction,  and  sometimes  the 
"  mixed  form,"  from  the  partial  damage  to  the  fibres  that  supplj  m 
muscle. 

These  local  root  symptoms  are  usually  the  first,  and  to  them  an 
added,  after  a  time,  the  indications  of  interference  with  the  fuDotion 
of  the  cord  itself.  There  is  weakness  in  the  parts  supplied  from  the 
cord  below  the  lesion.     The  loss  of  power  is  usually  gradual,  bat 
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COMPRESSION. 

Gometimes  comes  on  rapidly,  even  in  the  course  of  &  feir  hours,  when 
an  acute  myelitis  is  set  up  by  the  compression.  With  the  weak- 
ness there  is  a  marked  and  early  iucrease  in  the  8U]iei'ficial  reflex 
action,  more  cODBtautly  cODspicuaus  than  in  most  other  diseases  of 
the  cord,  and  tberefore  of  some  diagnostic  importance.  The  myolalio 
irritability  is  also  increased,  a  foot-clonus  beiui;  almost  always  present. 
Ftuns  iu  the  legs  luay  occur,  eveu  whca  the  disease  ia  above  the  lumbar 
enlargement,  usually  dull  and  aching.  There  ia  often  fonnicutjon  and 
Ungling.  There  may  be  no  impairment  of  sen.sibility  iu  the  parts 
belov  the  leaiou,  eveu  when  there  is  complete  motor  palsy  ;  in  many 
cases,  however,  there  ia  some  seusory  loss,  complete  only  when  the 
spinal  lesion  is  very  severe.  Conduction  of  painful  impreaslona  may 
be  delayed,  sometimes  for  thirty  or  even  forty  secunds.  When  the 
pressure  is  lateral,  one  leg  may  be  first  and  most  aSected,  but  the 
other  side  is  usually  soon  involved,  since  neither  the  mechanical  effect 
nor  the  inflammation  remains  limited  to  one  side  of  the  cord.  The 
sphincters  are  often  afi'eoted.  The  tendency  to  the  formation  of  bed- 
sores is  rarely  great,  unless  the  lumbar  enlai^emeiit  is  compressed  or 
myelitis  descends  into  it. 

The  course  of  the  symptoms  varies  according  to  that  of  their  cause. 
Wben  an  acute  myelitis  has  been  set  up,  improvement  may  occur  for 
a  time  even  if  the  cause  of  pressure  is  slowly  progressive.  This  is  true 
also  of  root  symptoms  when  tbey  are  rapidly  developed.  It  the  com- 
pression ceases  to  increase,  the  cord  may  recover  its  conducting 
function,  although  it  remains  narrowed.  Sensation  is  often  regained 
in  the  legs  when  motion  reiuams  absent,  but  both  motion  and  sensation 
may  be  regained  although  the  narrowing  of  the  cord  persists.  It  has 
even  been  found  no  larger  than  a  goose-quill  at  the  compressed  spot. 
although  the  paraplegia  had  passed  away.  In  such  a  case  many 
narrowed  nerve-Sbres  are  found  in  the  section  of  the  compressed  por- 
tion,  and  it  is  probable  that  many  axis-cylinders  persist,  with  an 
envelope  of  myelin  so  narrow  as  to  be  recoguised  wiih  difficulty,  but 
which  suffices  for  their  conducting  f  unctiou.  Under  slow  pressure  the 
axis -cylinders  may  not  suffer  iuterruption,  although  the  myelin  dis- 
appears. Kegeneration  of  axia-cyliuders,  as  in  the  peripheral  nerves. 
is  also  possible.  In  some  cases,  especially  when  a  considerable 
myelitis  has  been  set  up,  the  motor  path  may  recover,  but  the  posterior 
columns  remain  affected,  so  that  power  returns,  but  without  co-ordi- 
nation,— "  secondary  ataxy  "  resulting. 

The  DiAONOBis  of  slow  compression  rests  on  the  root  and  coid 
symptoms  already  described,  and  especially  on  their  coincidence 
with  a  cause  of  compression.  Of  the  former,  the  sensory  sym- 
ptoms are  the  most  charact«ristic.  In  maoy  oases  other  indicutiona 
of  the  compressing  disease  assist  the  diagnosis.  These  vary  in 
character;  the  most  frequent  is  considerable  local  tendercess  of  the 
■pine.  If  root  symptoms  are  absent,  the  diagnosis  ia  muoh  more  diffi- 
cult, unless  the  morbid  process  manifests  itself  externally.    If  there 
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is  &  Hnspicioa  of  compressioQ  in  &  case  of  slow  paraplegia,  an  early  and 
considerable  excess  of  Buperfi<.-ial  r>;fiex  actioa  gives  additlooai  wdght 
to  the  suspicion.  Erea  without  any  other  avinptoms  to  indicate  coin- 
preasioa,  this  ia  su^ested  b/  symptoms  which  bsgia  on  one  side  a&d 
gradually  spread  to  the  other. 

The  chief  disease  from  which  compreaaion  of  the  spinal  cord  has  to 
be  diatiaguished  ia  a  subacute  or  suWhi'onio  trunsverse  myelitis. 
Besides  the  iodieatioiis  of  a  cause  of  compressioa  already  meutioned, 
the  chief  distinction  depeoda  on  the  presence  of  symptoms  indica,ting 
irritation  of  the  crve-roots,  and  especially  on  the  fact  thut  these  Bya- 
ptoma  precede  tho^e  of  the  lesion  of  the  spinal  cord  itself.  Although 
a  very  chronic  myelitis  is  occasionally  attended  by  muuh  irritation  of 
the  nerre-roots,  the  symptoms  of  this  succeed,  instead  of  preceding, 
the  damage  to  the  cord,  and  the  course  of  chronia  myelitis  is  often 
much  itlower  than  is  that  of  most  forms  of  slow  compression.  Tbe 
distinction  from  s,  growth  within  tbe  spinal  cord  rests  chiefly  on  the 
early  occurrence  of  impairment  of  the  central  and  conducting  funo- 
tionsof  the  cord,  and  also  on  the  partiitl  distribution,  and  often  slower 
course,  of  the  symptoms.  The  effects  of  an  intra- medullary  growth  Taty 
widely  in  different  cases,  and  if  there  la  an  early  irritation  of  root-fibrea, 
the  distinction  mny  have  to  depend  on  the  presence  or  absence  of  the 
tugns  of  an  external  compressing  process. 

The  diagnosis  of  the  cause  of  eompreasion  is  often  much  more 
difficult  than  that  of  its  occurrence.  The  facts  that  the  patient  is  io 
the  first  half  of  life,  and  that  he  inherits  a  tubercular  tendency,  suggest 
caries.  Slightness  of  root  symptoms  is  also  in  favour  of  caries  or  a 
tumour  within  the  spinal  cord ;  '-he  presence  of  these  symptoms  does  not, 
however,  render  caries  less  likely,  unless  the  pain  is  extremely  severe 
and  is  greatly  increased  by  movement, — characters  that  should  always 
suggest  a  growth  in  the  bones  of  the  spine,  Koot  symptoms  extending 
over  a  considerable  vertical  area  suggest  pachymeningitis.  Additional 
details  of  the  differential  diagnosis  will  be  found  in  the  account  of  the 
several  compreaaing  diseases. 

pROOsusia  AND  TaEATMEtrT. — The  prognosis  depends  on  tbe  caase, 
and  the  amenability  of  this  to  treatment.  As  a  general  rule,  however, 
the  more  rapidly  the  cord  symptoms  develop,  the  more  chance  there 
is  of  improvement,  because  the  greater  share  does  inflammation  take 
in  their  production.  The  trcatmuut  is  that  of  the  cause  of  the  com- 
presbiou  and  that  of  myelitis. 
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JLNTERIOR     POLIO-MYELITIS ;      ATROPHIC    SPINAL 

PARALYSIS. 

In  certain  diseases  of  tbe  spinal  cord,  wasting  of  the  muscles  is  a 
prominent  symptom.  In  these  the  lesion  involves,  ezclusivelj  or  in 
part,  the  anterior  grey  comua,  and  the  muscular  atrophy  depends  on  the 
destruction  of  the  nerve-cells,  from  which  the  motor  nerve- fihres  pro- 
i*ced,  and  on  the  consequent  degeneration  of  the  fibres.  The  muscular 
wasting  does  not  depend  on  the  nature  of  the  lesion  ;  it  occurs  equally 
whether  the  nerve-cells  are  destroyed  by  hemorrhage,  by  inflamma- 
tion, acute  or  chronic,  by  slow  degeneration,  or  by  pressure.  But  the 
rapidity  with  which  the  destruction  occurs  influences  the  character  of 
the  symptom.  Time  is  required  for  the  change  in  the  nutrition  of 
the  muscles;  one  or  two  weeks  elapse,  even  in  the  most  acute  cases, 
before  wasting  is  distinct.  The  nerve-cells  also  form  part  of  the 
voluntary  motor  path,  and  their  disease  at  once  interrupts  this ;  hence, 
in  acute  cases,  paralysis  is  rapidly  developed,  and  the  atrophy  succeeds 
it  after  an  interval.  In  chronic  lesions,  on  the  other  hand,  the  changes 
in  the  cells  and  muscles  progress  so  slowly  that  the  weakness  and 
wasting  appear  to  come  on  together.  The  wasting  may  even  seem  to 
precede  the  weakness,  but  a  careful  examination  will  show  that  power 
is  defective  as  soon  as  there  is  distinct  atrophy.  It  is  customary  to 
separate  the  two  groups  by  terming  those  in  which  the  palsy  precedes 
wasting,  "  atrophic  spinal  paralysis  ;"  and  those  in  which  wasting  is 
apparently  simultaneous  with  weakness,  '*  spinal  muscular  atrophy." 

The  atrophic  paralyses  are  due  to  an  acute  or  subacute  process  in 
the  anterior  comua.  The  lesion  is  probably,  in  most  cases,  inflamma- 
tory in  character,  a  comual  myelitis,  or  "polio-myelitis"  (Kussmaul). 
In  some  cases,  which  differ  chiefly  in  the  suddenness  of  the  onset, 
it  is  probable  that  the  lesion  is  hsBmorrhage  and  not  inflammation. 

The  chronic  atrophies  are  due  to  a  slow  degeneration  of  the  cells  and 
fibres.  Between  the  two  forms,  however,  we  meet  with  others  of  inter- 
mediate course,  subacute  or  subchronic,  due  to  processes  of  correspond- 
ing character, — usually  inflammation,  interstitial  or  parenchymatous. 


AcuTS  Atbophio  Pabaltsis;  Acun  Antbriob  Polio-mtblitis. 

InfaniilB  Paralysii;  EsserUial  Fardlyni  of  Children. 

Acute  atrophic  paralysis  is  a  disease  in  which  voluntary  power  is 
lost  in  the  course  of  a  few  hours  or  days,  and  in  which  some  of  the 
paralysed  muscles  undergo  rapid  wasting  while  others  recover.  The 
onset  of  the  palsy  is  often  preceded  or  accompanied  by  indications  of 
general  disturbance.  The  muscles  which  waste  usually  remain  weak, 
and  contraction  of  their  opponents  leads  to  permanent  diatortion  of 
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the  paralysed  limbs.  Although  it  is  usually  a  form  of  acate  myelitii^ 
its  characters  and  course  are  sufficiently  special  to  make  its  sepaiaU 
considerutioa  desirable.  The  disease  is  the  moat  common  form  of 
paralysis  in  young  childreu,  a,nd  has  hence  received  the  name  of 
"infautile  paralysia,"  Befure  anythiug  was  known  of  the  lesion  on 
which  it  depends,  it  received  (from  Eilliet  and  Barthez)  the  unrnpaa- 
ing  desigaatioa  oE  the  "  essential  paralysis  of  children,"  a  term  that  is 
falling  iuto  nieriied  disuse.  The  spinal  lesion  va^  first  demuostrated 
by  Prevost  (1865J,  and  soon  afterwards  by  Lockhart  Clarke  and  by 
Charcot  and  Jolfroy,  Its  constancy  has  been  abundantly  proved  by 
DUiuerouB  observations  during  the  last  twenty  years.  The  occurrence  of 
similar  sTuiptoujs  in  adults  was  noted  by  Vogt  (1858)  and  I>uchenne 
(1864). 

Etioloqt. — The  disease  occurs  at  all  agea,  but  is  ten  times  M 
frequent  in  the  first  decade  as  in  all  the  rest  of  life.  It  i^ 
moreover,  especially  a  disease  of  later  infancy.  Of  the  oases  in 
early  life,  three  fifths  occur  in  th"  first  three  years  of  life,  nearly 
one  fifth  in  each  year.  The  numbers  in  each  successive  year 
(ot  116  cases  of  which  I  have  notes)  were— in  the  first  21,  tbe 
secoud  21,  third  25,  fourth  9.  fifth  17,  sitlh  4.  seventh  2,  eighth 
6,  ninth  i.  Of  the  cases  that  begin  during  the  first  year,  nearly  all 
begin  in  the  aocond  six  months ;  the  earliest  of  the  series  occurred  at 
four  months,  but  one  at  the  twelfth  day  is  described  by  Duchennsi 
The  friends  often  date  the  disease  from  birth,  but  there  is  do  real 
evidence  of  its  intra-uterine  development.  After  childhood  it  ii 
moat  frequent  between  teu  and  twenty,  and  very  rare  over  forty. 
Many  supjiosed  subacute  cases  in  adults  have  been  examples  of 
multiple  neuritis.  In  childhood  the  two  sexes  suffer  equally  (male* 
59,  females  57),  but  aftet-  ten  the  uiaUdy  is  practically  confiued  to  ths 
male  sex.  The  iufiuenue  of  heredity  is  small,  but  a  family  tendency 
to  suffer  may  now  and  then  be  traced  ;  two  and  even  three  brother* 
or  siatera  have  been  affected  (SeL-ligmuUer.  &c.).  One  of  my  own 
patients  had  a  sister,  and  another  two  cousins,  affected  with  the  same 
disease.  The  inherited  tendency  may  be  indirect ;  of  a  patient  in 
whom  the  disease  came  on  in  adult  life,  two  brothers  had  suffered  from 
hemiplegia,  and  aa  uucle  from  paraplegia. 

The  disease  presents  a  remarkable  relation  to  season,  occurring  Its 
more  frequently  in  summer  than  in  winter.  Sinkler,  who  first  called 
attention  to  the  fact,  found  that  in  Philadelphia  four  fifths  of  thtt 
eases  commenced  in  the  five  hot  months,  May  to  September.  In  this 
country  the  relatiou  ia  equally  apparent;  three  quarters  of  the  casea 
occur  during  the  hottest  third  of  the  year,  June  to  September.  The 
distribution  of  71  cases  was  as  follows ;  One  occurred  in  each  ot  the 
fim  five  months ;  in  June,  11  ;  July,  13  ;  Aug.,  13  j  Sept..  15 ;  Oct.,  6  j 
Nov.,  2;  Dec,  5.  In  many  oases,  the  weather  was  very  hot  at  the 
tioiei  in  some,  however,  the  diseaae  came  on  in  cooler  weather  after 
a  hut  period.     It  would,  therefore,  seem  that  the  heat  generally  acta 
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a  remote  cause,  and  is  odIj  occasiouallj  concerned  directly 
in  tbe  exciting  mechanism.  Tlie  fact  is  the  more  important  because 
cold  has  long  been  regarded  as  the  most  potent  exciting  cause.  That 
exposure  to  cold  is  an  occasional  cause  is  certain,  although  the  number 
of  cases  in  which  it  can  be  traced  is  not  large ;  and  it  is  usually  a 
general  and  not  a  local  exposure,  and  has  not  often  been  immediately 
preceded  by  exposure  to  heat.  Exceptions  are  chiefly  met  with  in 
adults.  Thus  one  patient,  aged  sixteen,  when  perspiring  from  a  long 
ride  after  the  hounds  on  a  hot  day  in  September,  lay  down  on  a  sofa 
beneath  an  open  window  from  which  a  draught  blew  on  his  back. 
Two  days  afterwards  the  first  symptoms  commenced.  I  have  twice 
known  tbe  disease  to  be  due  to  sitting  on  damp  grass.  Two  or  three 
days  is  the  interval  which  usually  elapses  between  the  exposure  to 
cold  and  the  onset  of  the  symptoms,  but  great  yariations  are  met 
with,  and  tbe  constitutional  disturbance  may  commence  within  twenty- 
four  hours  of  the  exposure. 

Over-exertioa  in  walking  seems  occasionally  to  aid  in  exciting 
the  disease ;  in  some  cases  the  child  has  walked  far  more  than 
was  proper  the  day  before  the  onset,  and  in  others  habitual  over- 
exertion has  been  permitted.  A  traumatic  influence,  such  as  a  fall, 
occasionally  precedes  the  onset  in  such  a  way  as  to  make  its  influence 
probable.  Thus,  in  one  severe  case,  a  boy  eight  years  old  was  thrown 
over  the  head  of  a  donkey,  and  the  onset  occurred  five  days  afterwards. 
In  most  cases  the  fall  has  produced  no  immediate  symptoms,  and  has 
perhaps  acted  generally  rather  than  locally.  Thus  a  girl  of  four  fell 
off  a  chair,  striking  her  head,  and  was  stunned  for  a  moment ;  two 
days  later  she  was  sick  and  feverish;  the  temperature  (101^)  con- 
tinued raised  till  the  sixth  day,  when  general  loss  of  power  was  found, 
and  the  residual  state  was  atrophic  palsy  of  both  legs  and  the  right 
deltoid.  The  cases  following  falls  and  over-exertion  present  the  same 
relation  to  season  as  do  the  rest. 

There  is  no  proof  of  any  relation  between  the  disease  and  the 
process  of  dentition.  The  period  of  dentition  coincides  with  the 
rapid  functional  development  of  the  nervous  system  which  succeeds 
its  structural  development  in  the  first  few  months  of  life.  Moreover, 
this  period  is  often  one  of  deterioration  of  health,  in  consequence  of 
changes  of  diet  and  other  causes.  The  disease  occurs  before  and 
after  the  period  of  teething,  and  it  exhibits  no  increase  in  frequency 
at  the  period  of  the  second  dentition. 

Many  children  are  perfectly  well  at  the  time  when  the  disease 
occurs.  A  few  are  in  conspicuously  defective  health.  Thus  in  one 
case  the  child  had  been  rendered  feeble  by  long-continued  diarrhoea. 
I  have  only  once  seen  the  disease  in  the  subject  of  inherited  syphilis. 
It  has  been  thought  to  be  occasionally  secondary  to  acute  febrile 
diseases,  but  the  frequency  of  tbe  relation  has  been  unquestionably 
Ofrerrated  ;  in  some  supposed  cases  in  adults  there  has  been  multiple 
neuritis  only,  and  in  children  initial  general  disturbance  is  constantly 
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mistaken  for  an  independent  general  disease,  and  the  opinion  ii  often 
maintained  after  the  discoyerj  of  the  paralysis,  which  is  thea  sup. 
posed  to  be  of  secondary  origin.     Thus  in  one  case  initial  pyrexia, 
headache,  and  vomiting  were  supposed  to  indicate  scarlet  teTer. 
Paralysis  of  all  four  limbs  came  on,  with  difficulty  in  swallowing,  and 
the  latter  was  supposed  to  render  certain  the  diagnosis  of  scarlet 
fever,  although  there  was  no  sore  throat  or  rash.     In  older  children 
and  adults  the  disease  is  often  thought  to  be  secondary  to  rheumatie 
fever,  in  consequence  of  the  rheumatoid  character  of  the  pains.    The 
error  is  the  more  likely  to  occur  if  the  symptoms  follow  exposure  to 
cold.     It  is  conceivable  that  catarrhal  affections  may  be  produced  bj 
the  exposure  to  cold  that  induces  the  disease ;  but  of  the  116  caaei 
referred  to  above,  not  one  was  related  to  any  acute  specific  disease, 
or  to  rheumatic  fever.     Chronic  alcoholism  has  been  thought  to  be 
a  cause  in  adults,  but  it  is  probable  that  most  oases  supposed  to  be 
due  to  this  influence  have  been  instances  of  multiple  neuritis. 

Symptoms. — The  general  characters  of  the  symptoms  have  been 
already  mentioned — an  acute  onset,  often  with  constitutional  disturb- 
ance ;  paralysis,  at  first  wide-spread,  afterwards  passing  away,  except 
from  a  region  in  which  the  muscles  i^apidly  atrophy,  and  in  which, 
although  partial  recovery  may  occur,  more  or  less  weakness  and  wasting 
persist. 

The  general  disturbance,  which  is  apparently  due  to  a  morbid 
blood- state,  may  be  severe  or  slight.    In  most  cases  there  is  pyrexia, 
with  its  usual  accompaniments,  headache,  prostration,  loss  of  appe- 
tite, restlessness.     Vomiting  is  very  common,  and  often  causes  the 
illness  to  be  mistaken  for  stomach  disturbance.    Occasionally  there 
is  also  diarrhoea.     In  children,  vomiting  ia  very  common,  and  gene- 
rally causes  the  illness  to  be  mistaken  for  simple  stomach  disturb- 
ance.    These  symptoms  of  general  disturbance  usually  last  for  a 
few  days,  sometimes  for  only  a  few  hours,  and  they  are  occasionally, 
but  not  often,  absent.     The  palsy  develops  in  most  cases  in  the  course 
of  this  disturbance.    A  common  history   is  for  a  child  to  seem  mS 
and  feverish,  to  be  put  to  bed,  and  the  next  morning  to  be  found    '^ 
have  lost  power.     In  other  cases  the  febrile   disturbance  lasts   ^  - 
several  days  before  the  paralysis  comes  on.    But  the  relation  of  ^— 
general  disturbance   to  the  onset  of   the   paralysis   presents 
variations,  which  appear  (from  a  comparison  of  cases)  to  be  inde] 
dent  of  any  variations  in,  or  special  features  of,  the  spinal  symptoc^ 
The  constitutional  symptoms  occasionally  succeed  the  onset, 
a  child,  well  one  day,  was  found  next  morning  to   have  both  h 
paralysed  and  was  feverish  .and  sick ;  the  general  disturbance 
tinned  for  a  week.    The  elevation  of  temperature  is  usually  modei 
in  degree ;  an  example  of  its  character,  in  what  may  be  regards 
a  fairly  typical  case,  is  that  of  a  child  whose  temperature  on 
second  day  of  illness  was  101*2^;  on  the  third,  101^;  the  fourth 
which  the  palsy  developed),  100^ ;  the  fifth*  99*5^;  the  sixth,  T 
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It  is  usually,  OS  in  tbU  case,  highest  at  the  commencement,  and 
sometimes  reaches  103°,  104°,  or  even  in  rare  cases  105°.  Tbe 
constitutional  symptoms  are  present  in  most  of  the  cases  iu  which  a 
fall  appears  to  excite  the  disease,  and  are  of  the  usual  character;  they 
are  as  marked  in  the  cases  tUat  appear  to  he  spontaneous  aa  iu  those 
tbut  follow  exposure  to  cold. 

Convulsions  occasionallT  attend  the  onset, chiefly  inTOung children. 
In  some  instancea,  moreover,  the  initial  symptoms  are  those  of  severe 
Cerebral  disturbance.  Thus  one  child  bad  repeated  general  convul- 
sions during  30  hours,  and  afterwards  was  in  a  state  of  deep  coma  for 
36  hours,  the  temperature  at  the  oaset  beiug  105°.  This  was 
BUL-ceeded  by  slighter  pyrexia  auJ  prostration  for  three  w.-eka,  and  it 
was  only  at  the  end  of  that  time  that  general  loss  of  power  was 
fuund  to  have  come  on.  Tlie  arms  recovered,  but  atrophic  palsy  per- 
sisted in  the  lec;a.  In  another  case,  a  child  of  seven  mouths  became 
ill,  febrile  (102  8°)  and  comatose  with  pin-point  pupils  j  it  remained 
in  that  state  for  four  or  five  days,  and  tben  gradually  recovered,  but 
with  general  powerlesaneas,  rigidity  of  the  legs,  and  tenderness  of 
legs  and  back.  The  rigidity  and  pain  passed  away,  but  the  right 
deltoid  and,  to  a  less  degree,  the  biceps  and  triceps  aud  the  wbole  of 
the  right  leg  remained  paralysed,  and  presented  characteristic 
atrophy.  In  adults  there  is  sometimes  marked  somnolence  before  tbe 
onset,  and  occasionally  slight  cerebral  symptoms,  such  as  diplopia, 
giddiuess,  or  (very  seldom)  delirium.  A  medical  student  found,  one 
day,  that  he  Haw  double;  on  the  next  day  he  felt  giddy,  and  became 
feverish  (102°)  ;  he  slept  for  forty-eight  hours,  uud  on  the  fourth 
day  found  his  right  arm  was  weak;  atrophy  of  the  deltoid,  Ac., 
followed.  The  cerebral  symptoms  always  pass  away  together 
with  tbe  indications  of  general  disturbance,  and  hdiice  are  probably 
due  to  tbe  blood-atate.  In  rare  oases,  the  onset  is  accompanied  by 
gymploins  of  slight  transient  spinal  meningitis,  which  must  be 
regarded  as  a  coincident  effe:;t  of  tbe  cause,  since  there  is  no  evidence 
in  these  cases  that  the  myelitis  reaches  the  surface  of  the  cord,  and 
the  membranes  may  be  apparently  affected  early.  Thus  a  child, 
aft«r  being  feverish  and  vomiting  for  two  days,  became  universally 
rigid,  so  that  strychnine  poisoning  was  thought  of.  Tbe  rigidity 
passed  away  two  days  later,  when  the  right  arm  and  leg  were  found 
to  be  paralyeed.  Another  child  presented  all  the  symptoms  of  spinal 
meningitis  a  week  after  the  onset  of  paralysis  of  the  arm,  and  as  they 
passed  ofi  the  leg  also  was  fouud  affected.  When  the  general  illness 
is  severe,  tbe  paralysis  is  often  not  discovered  for  some  time,  especially 
in  a  child ;  the  immobility  of  paralysis  is  often  mistaken  for  the  inertia 
of  prostration. 

In  elder  children  and  adults,  another  common  initial  symptom  is 
the  pain  already  mentioned,  sometimea  referred  to  the  muscles,  some- 
times to  the  limbs  generally,  occasionally  to  the  course  of  the  nerves. 
It  ii  often  absent,  but  may  be  very  severe  and  accompanied  by  extreme 
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teadernesa  of  the  limbs.  la  such  casea  the  pain  may  be  supposed  ti  I 
he  in  the  joints,  beciiiise  it  is  produced  b^  muvini;  tbem.  when  it  ii  1 
really  in  the  nerves,  whii-h  are  mechanieally  cliiiturbi'd  hj  the  moTft-  I 
luent  of  the  joints.  la  tht.'se  cases  there  is  neuritis,  (rbich  ma/  ivnis  I 
OQ  at  the  same  time  aa  the  palsy,  altheugh  indepemlent  of  it.  Pain  I 
maj  be  felt  also  iu  the  back.  Id  character  it  is  dull  and  aching.  It  I 
maj  be  severe,  especially  when  there  are  Bym|itoma  of  spinal  iue[Lingitti>  1 
Instead  of  being  initial,  the  |iain  may  succeed  the  onset  of  paralysii,  1 
and  it  occasionally  continues  for  several  weeks,  especially  wbei)  seittcd  M 
in  tbe  nerve-trunks.  Incases  of  paralysis  of  the  tbigbs  thereis  souM'I 
times  persistent  pain  on  movement  at  one  hip  or  groin,  the  cauitV 
of  which  is  not  clear.  Tingling  or  forniicution  ia  tbe  limbs  rnxj 
be  described  by  older  patients. 

The  paralysis  is  almost  always  rapidly  develojwd.      It  varies  much 
in  its  initial  range.      Only  part  of  a  limb  may  be  afC^'cted,  or  UitTs 
may  be  uLiiversiil  losa  of  power  ;  but  iu  tbe  majurily  of  cases  the  pars- 
lysis  ia  intermediate  between  these  extremes.     Two  or  three  limbgaro 
affected — both  arms,  both  legs,  or  the  legs  and  one  arm.      When  a 
four  limbs  are  paralysed  tbe  neok- muscles  also  may  be  weak,  and  eten  J 
BWuUowing  may  be  impaired.      The  other  muscles  supplied  by  tlrtj 
cranial  nerves  escape,  as  a  rule,  and  the  sphineters  are  unafEcctei' 
Occasionally  there  is  incontinence  of  urine,  chiefly  in  severe  cases,  ai 
it  may  then  lust  a  long  time.      For  instauce,  a  child  aged  two  and  tM 
half  years  woke  up  one  morning  with  headache,  fever,  and  weukue 
of  the  legs,  which  rapidly  increased  to  complete  paralysis.     Four  day^fl 
later  the  arms  also  became  weak,  and  in  a  day  or  two  more  tbe  urio#V 
escaped  involuntarily.      The  arms  began  to  recover  in  six  weeks,  anil 
were  well  in  six  months ;  both  legs  wasted  and  remained  permanentlf  ] 
paralysed  ;  the  incontinence  of  uriue  lasted  for  a  year.      In  another 
case,  with  incontinence  for  a  few  weeks,  the  residual  palsy  was  ii 
lower  legs.     As  in  these  instances,  the  symptom  is  met  with  chiefif 
when  tbe  lumbar  region  is  diseased. 

Tbe  paralysis  may  commence  in  one  limb  and  quickly  apt 
reaching  its  maximum  extent  in  a  few  hours  to  a  few  days,  I 
very  often  the  actual  onset  is  so  rapid  or  so  escapes  careful  obserW^' 
tiou  in  con!>ei|uence  of  the  general  iliness  that  all  the  parts  fir^^ 
affer'.ed  are  found  to  be  paralysed  when  it  is  discovered.  Occaai"  ■'^' 
ally  the  onset  is  iu  two  distinct  stages,  separated  by  a  few  days;  n*^* 
and  then  tbe  loss  of  power  develops  slowly  in  tbe  course  of  one  "^ 
even  two  weeks,  in  cases  that  must  be  regarded  as  "  subacute,"  b^^^ 
do  not  differ  in  other  respects  from  the  oiMiinary  form.  Examplo*^'**'^ 
the  common  onset  have  tieen  already  giren ;  as  another  may  be  m&^^ 
tioned  the  case  of  a  boy,  aged  a  year  and  four  montbs,  who  one  d — ^ 
■eemed  ill,  was  sick,  and  was  put  lo  bed.  The  next  day  be  could  ecorc^^^ 
■tand  alone  ;  on  the  following  day  be  could  neither  move  the  legg  a^^ 
sit  up  in  bed.  In  about  ten  davs  the  left  leg  began  to  improve,  b  ^ 
Uiere  was  enduring  paralysis  and  wanting  of  tbe  whole  of  tho  riglc^' 
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and  of  the  lower  part  of  the  left,  leg.  In  another  case,  a  child  seemed 
ill,  aod  was  kept  in  bed  for  fire  days ;  on  the  third  daj  it  was  noticed 
that  the  left  arm  was  not  moved  so  much  as  the  right,  and  by  the 
fifth  day  the  arm  was  quite  powerless ;  at  the  end  of  a  fortnight 
improTement  commenced.  In  the  adult,  the  mode  of  ouset  presents 
nearly  the  same  characters.  A  lady,  twent  j.five  years  of  age,  sat 
down  for  some  time  on  wet  grass.  Two  days  later  general  rheumatic 
pains  came  on,  Terr  severe  in  the  legs  on  the  following  day,  and  the 
legs  were  distinctly  weak.  In  the  course  of  the  next  forty-eight 
hours  the  arms  also  became  feeble,  and  at  the  end  of  a  week  she  could 
■caroeiy  more  her  arms,  and  her  legs  were  absolutely  paralysed.  In 
a  fortnight  improTement  commenced,  first  in  the  arms  and  then  in 
the  feet;  but  the  hip-  and  thigh-muscles  remained  paralysed  and 
rapidly  wasted. 

Oases  are  sometimes  seen  similar  m  other  respects  to  those  now 
under  consideration,  but  in  which  the  paralysis  comes  on  suddenly, 
and  without  general  disturbance.  Thus  a  child,  aged  two,  was 
walking  along,  when  he  suddenly  could  not  stand,  and  fell  down 
on  his  knees;  both  legs  were  powerless.  Slow  improTement  fol- 
lowed in  the  left  leg,  and  wasting  in  the  right.  The  suddenness 
of  the  onset  makes  it  probable  that  the  lesion  is  hsemorrhage,  and 
not  simple  inflammation.  Spinal  hsBmorrbage  is  known  to  occu* 
in  early  childhood.  Hence,  while  we  must  class  these  with  the  othe 
acute  spinal  atrophies,  we  are  not  justified  in  regarding  them  as  cases 
of  polio-myelitis,  since  we  do  not  know  whether  the  haemorrhage  if> 
secondary  to  commencing  inflammation  or  is  primary.  It  is  probable 
however,  that  even  a  primary  extravasation  into  the  grey  matter  16 
doe  to  the  same  causes  that  give  rise  to  inflammation,  because  the  two 
sets  of  cases  occur  under  the  same  general  conditions  of  onset,  and 
hence  they  cannot  be  separated.  Moreover,  constitutional  disturb- 
anoe  is  more  often  absent  in  cases  of  actually  sudden  onset  than  in 
others,  although  it  is  sometimes  considerable.  Thus  a  child  had  beer 
ill  for  two  weeks,  when,  being  able  to  walk  about,  it  suddenly  fell  to 
the  ground ;  the  left  leg  was  found  powerless,  and  the  right  weak. 
It  is  probable  that  a  sudden  onset  is  more  frequent  than  is  suggested 
by  the  facts  that  can  be  ascertained,  since  the  palsy  often  comes 
on  during  the  night  or  during  rest;  for  instance,  in  one  case  a 
child  sat  on  a  chair  for  an  hour,  when  the  left  leg  was  found 
powerless. 

In  some  cases  of  sudden  onset  the  initial  palsy  is  universal,  and  in 
such  cases  as  the  following  it  is  probable  that  a  limited  hemorrhage 
in  the  cer/ical  region  causes  rapid  pressure  on  all  the  adjacent 
structures,  which  afterwards  recover  from  the  effects  of  the  pressure. 
A  girl,  aged  seventeen,  suddenly  felt  tingling  in  the  left  band.  In 
a  few  minutes  the  whole  arm  was  powerless,  and  then  the  right  arm 
became  paralysed.  She  had  a  strange  sensation  at  the  back  of  the 
neck,  and  went  upstairs ;  as  she  was  going  up,  her  legs  became  weak. 
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first  the  left  iind  then  the  right.  In  less  than  half  an  hour  from  thi 
time  of  the  first  symptom,  there  was  absolute  nniyersal  paralysis,  with 
difficulty  in  breathing  and  in  swallowing.  ImproTement  (in  the 
opposite  order  to  the  onset)  commenced  the  same  evening  and  wu 
complete  in  about  six  weeks,  with  the  exception  of  the  muscles  of  tbe 
left  forearm  and  hand,  which  rapidly  wasted  and  were  permanentlj 
paralysed  and  atrophied.  Another  girl,  while  walking  across  a  road, 
suddenly  felt  a  **  sort  of  shock  "  as  if  someone  bad  given  her  a  knock 
between  the  shoulders.  She  became  giddy,  and  instantlj  felt  tingling 
in  both  arms,  especially  in  the  right,  which  became  weak  before  ihe 
had  got  to  the  other  side  of  the  road.  Ultimately  the  arms  recoTered, 
but  permanent  paralysis  and  wasting  of  the  intrinsic  muscles  of  each 
hand  were  left. 

The  initial  loss  of  power  is  as  a  rule  far  more  extensiye  and  seveie 
than  the  permanent  affection ;  in  a  small  number  of  cases  the 
two  correspond.  But  the  extent  of  the  early  palsy,  that  of  the 
enduring  atrophy,  and  the  relation  between  the  two,  vary  extremely, 
so  that  no  general  or  eren  common  laws  can  be  discovered.  Indeed, 
in  all  features  of  the  disease  vanability  prevails  to  such  an  extent 
as  to  baffle  attempts  to  describe  them  in  general  terms,  and  a  better 
conception  of  the  malady  can  be  gained  from  such  illustrative  instance! 
as  are  here  given,  than  from  general  descriptions.  One  general  fact 
is  unfortunately  true  of  almost  all  cases,  namely,  that  the  palsj 
scarcely  ever  passes  away  entirely,  and  that  where  wasting  occars, 
wasting  remains. 

After  the  paralysis  has  reached  its  height  and  ceased  to  increase  or 
spread,  whether  the  point  is  attained  suddenly  or  rapidly  or  slowly, 
it  remains  stationary  for  a  time,  which  varies  from  a  few  days  to  six 
weeks,  and  then  lessens.  Tbe  improvement  occurs  first  in  the  parts 
last  affected,  and  gradually  spreads  until,  usually  at  the  end  of 
from  one  to  three  months,  all  parts  ha?e  recovered  except  those  which 
are  to  be  permanently  affected.  In  these  the  muscles  are  toneless  and 
flaccid  from  the  first,  and  in  two  or  three  weeks  there  is  distinct  wast- 
ing, which  rapidly  increases,  until  the  shape  of  the  limb  is  changed, 
and,  in  extreme  cases,  scarcely  any  of  the  volume  of  the  muscle  can 
ultimately  be  detected.  In  fat  children  the  appearance  of  the  limb 
may  be  less  altered,  and  it  seems  that,  in  some  of  these,  an  interstitial 
growth  of  fat  makes  up  for  the  diminution  of  muscular  tissue.  In 
older  children  and  adults  the  muscles  are  often  tender  to  the  touch 
during  the  process  of  wasting. 

When  the  atrophy  is  distinct  the  muscles  no  longer  oontraot  to 
faradism,  and,  if  the  motor  nerves  are  tested,  they  also  will  be  foond 
to  have  lost  irritability.  Tbe  change  depends  on  degeneration  of 
the  nerves,  and  the  muscles  usually  present  the  **  degenerative 
reaction  "  in  its  characteristic  form.  The  loss  of  faradio  irritabifitjis 
distinct,  in  severe  castas,  as  early  as  the  end  of  the  first  week,  and  even 
by  the  fifth  or  sixth  day.     In  a  patient,  for  instance,  who  is  universally, 
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and  apparently  uniformly,  paraljsod,  one  or  more  g^roups  of  muscloa 
may  be  found  to  hare  lost  irritability,  and  in  these  we  know  that  there 
will  be  lasting  paralysis  and  wasting,  while  the  other  parts  will  recover. 
In  a  seTere  case,  in  which  the  muscles  most  affected  atrophy  completely, 
the  loss  of  &xadic  irritability  may  be  permanent.  The  voltaic  irrita- 
bility remaios,  increased  in  degree,  for  two,  three,  four,  or  six  months, 
then  slowly  falls,  as  the  muscular  fibres  themselves  degenerate,  and 
ultimately,  at  the  end  of  one  or  two  years,  it  disappears.  It  may, 
however,  persist  for  a  long  time,  if  the  fibres  are  stimulated  by  elec« 
tridtjy— even  for  three  or  four  years,  although  the  paralysis  remains 
absolute.  In  rare  cases,  electrical  irritability  quickly  disappears,  even 
to  the  voltaic  current,  from  the  destructive  degeneration  of  the 
muscular  fibres.  More  commonly,  after  six  or  twelve  months,  some 
faradio  irritability  returns.  It  may  be  slight,  due  to  the  recovery  of 
a  few  fibres,  insufficient  in  number  to  restore  any  bulk  or  power,  but 
the  new  fibres  which  recover  do  so  perfectly,  so  that  the  irritability 
becomes  normal  in  degree,  although  the  contraction  which  can  be  thus 
produced  is  very  slight  in  amount.  In  other  cases  considerable 
recovery  occurs,  so  that  some  power  and  volume  are  regained, 
although  the  muscles  remain  below  the  normal  size.  In  the  muscles 
which  are  weak  but  do  not  waste  there  is  no  degenerative  reaction, 
although  there  may  be  slight  diminution  of  excitability  to  each 
current. 

The  ^>aralvsis,  as  a  rule,  is  motor  only.  Sensation  is  impaired  only 
in  extremely  rare  cases  (about  1  in  50),  in  which  inflammation  in  the 
lumbar  region  is  so  intense  as  temporarily  to  impair  all  the  conduct- 
ing functions  of  the  cord.  Thus,  in  a  girl  aged  five,  in  whom  the 
permanent  state  was  a  symmetrical  atrophy  of  all  the  muscles 
below  the  knees,  with  a  slighter  affection  of  the  thigh- muscles  and 
flexors  of  the  hips,  the  initial  general  loss  of  power  in  the  legs  was 
accompanied,  for  a  few  days,  by  complete  loss  of  sensation  below  the 
knees.  In  the  similar  but  more  severe  case  of  a  boy,  aged  four,  in 
whom  the  lasting  palsy  was  general  throughout  both  legs,  the  ansss- 
thesia  continued  for  two  months.  When  sensation  is  lost  there  is 
always  incontinence  of  urine. 

Reflex  action  is  necessarily  lost  in  the  parts  related  to  the  affected 
muscles.  That  from  the  skin  is  at  first  lost  where  there  is  weakness, 
but  it  returns  with  or  soon  after  the  recovery  of  power  in  the  less 
affected  parts.  Where  there  is  persistent  paralysis  it  remains  absent. 
The  myotatic  irritability  is  lost  in  the  same  or  even  greater  degree. 
For  instance,  no  knee-jerk  can  be  obtained  if  the  extensors  of  the 
knee  are  affected  even  in  slight  degree.  The  loss  depends  on  the 
interruption  of  the  muscle-reflex  centre  by  the  disease  in  the  grey 
matter.  In  rare  cases  of  severe  cervical  polio- myelitis,  the  inflam- 
mation spreads  beyond  the  grey  matter  to  the  lateral  white  columns ; 
there  is  wasting  of  the  arms,  but  paralysis  without  wasting  in  the 
legs,  and  in  the  latter  the  myotatic  irritability   may  be  increased 
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above  the  normal,  so  that  tie  foot-cloDas  maj  be  obtained.  In  the 
course  of  a  few  months,  however,  the  condition  of  the  legs  becouei 
normal. 

A  common  effect  of  the  disease  is  to  retard  the  growth  of  the  bones 
in  the  affected  limb,  so  that  this  gradually  becomes  shorter  than  iti 
fellow,  and  the  difference  in  size  increases  with  the  amount  of  general 
growth.  Hence,  it  is  greater,  the  jounger  the  patient  at  the  onset  of 
the  disease.  If  one  part  of  a  limb  is  more  affected  than  another,  tbe 
corresponding  bone  suffers  most  in  growth.  The  effect  is  sometimes 
considerable,  when  the  atrophy  is  slight.  Seeligmuller  has  described 
the  opposite  effect — an  actual  elongation  of  the  bones,  attribated 
to  the  fact  that  the  growing  epiphyses  suffer  traction  instead  of  tlie 
normal  compression. 

Those  joints  that  depend  for  their  support  on  tendons  which  psu 
over  them  become  lax  when  the  muscles  are  paralysed,  and  the 
articular  surfaces  may  be  no  louger  kept  together.  Thus  when  the 
deltoid  is  wasted,  the  head  of  the  humerus  may  fall  out  of  the  glenoid 
cavity.  The  head  of  the  femur  may  fall  from  its  proper  position  in 
the  acetabulum,  and  actual  luxation  may  occur  when  the  paralysis  of 
the  muscles  is  unequal,  and  the  le^is  affected  unopposed  musclci 
undergo  the  secondary  contracture  immediately  to  be  described. 
That  of  the  abductors  and  rotators  may  cause  infra-pubic  dislocation, 
and  that  of  the  adductors  iliac  dislocation.* 

During  the  chronic  stage  of  the  disease  there  is  great  tendency  to 
the  occurrence  of  permanent  shortening  of  muscles,  with  consequent 
displacement  of  the  parts  to  which  they  are  attached.  Grave  de- 
formities are  thus  produced.  It  occurs  only  when  the  several  muscles 
acting  on  a  joint  are  unequally  paralysed ;  the  less  affected  muscles 
are  no  longer  subject  to  the  normal  extension  by  their  opponents,  and 
hence  gradually  become  contracted,  and  the  contraction  is  fixed  b? 
tissue  changes  in  them,  so  that  th^^y  cannot  be  passively  extended. 
It  may  occur  in  muscles  which  are  unaffected,  and  it  is  uncertain  how 
far  it  is  favoured  by  a  slight  degree  of  paralysis.  Posture  also  aids 
the  production  of  these  muscular  contractions,  and  so  also  in  tbe  case 
of  the  foot  does  the  relative  shorteuing  of  the  limb. 

Bedsores  are  almost  unknown,  even  in  tho  acute  stage  of  the  disease. 
A  slight  local  elevation  of  temperature  in  the  most  affected  parts  bas 
been  observed  in  the  early  stage,  but  subsequently  the  affected  limb 
is  colder  than  the  other.  This  is  due,  in  part  at  least,  to  the  want 
of  the  aid  to  the  circulation  which  is,  in  heiflth,  supplied  bj  the 
muscular  action. 

The  persistent  paralysis  may  occupy  the  whole  or  part  of  one  or 
more  limbs.  The  legs  suffer  three  times  as  frequently  as  the  arus; 
the  respective  percentage  being  21  and  68.  It  is  less  frequent  for  both 
legs  or  for  one  arm  to  suffer,  and  still  rarer  combinations  are  those  of 
both  legs  and  one  arm,  of  both  arms,  of  the  arm  on  one  side  and  the 

*  S««  ikarvwrski, '  ArcUiv  f .  klin.  Chir./  Bd.  xxxvti 
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{ OB  the  other,  -while  tiie  rarest  <rf  »11  it  the  affeotion  of  1^  and  Arm 
the  auDie  side.  The  limba  oa  the  left  tide  of  the  body  ore  more 
tan  permanectl/  Affected  thui  those  on  the  right;  the  difference  is 
BKter  in  the  leg  than  ia  the  Arm.  The  left  leg  is  p&raljsed  alone 
ice  Ai  often  as  the  right. 

Wbeu  the  paralysia  of  a  limb  ia  tuoomplete,  the  ptirt  iarolred  Tariea 
adb  in  diffureat  cases,  and  as  different  parts  of  two  or  more  limbs 
kj  be  Affected,  the  combinations  of  palsy  which  result  are  extremely 
nod.  The  grouping  of  adjacent  mnscles  is  sometimes  distinctly  that 
fvnctional  association ;  often  it  is  random ;  but  the  most  frequeni 
ndition  is  to  hare  an  irr^pilar  affection  of  the  muscles  tliat  are 
■ociated  in  the  centre.  While  the  grouping  is  that  of  function, 
me  of  the  muscles  are  only  slightly  affected  and  others  suffer  with 
em  that  are  not  fuuctionally  associated  In  the  legs  the  parolyaia, 
Teiy  severe  and  fortunately  very  rare  cases  may  be  absolute, 
rolnng  all  the  muscles  of  both  hmbs  TlHually  it  is  partial,  and 
ea  the  musciee  below  the  Lnee  suffer  more  ofiea  than  those  above 
the  knee  The  calf  muscles 
are  affected  less  frequently 
or  in  less  degree  than  the 
muscles  m  front  of  the  tibia 
or  the  perouBL  Hence  talipes 
equinus  is  a  common  defor- 
tnitY    and  its  occnrrenoa    is 


m.    108.-01d    ■trophio    *pia*1    piir.ly.ii.  Fio.  109.— Atrophic  tjAn^  mn. 

TallpM  »«Igo.  in  tha  right  leg  from  p.r«.  \j^t,  Meeting  chUflj  the  calf- 

lyiii  of  the  Ulterior  tibi»!  j  t.  Tarn*  in  the  mDielea,  with  rMaltiiig  cootnc- 

left,  from  panljiU  of  tbe  peruuu.  ....             ... 


ded  by  the  shortening  of  tho  limb,  in  consequence  of  which  the 
lot  has  to  be  extended  to  bring  the  ball  to  the  ground.     Either 
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the  ti'bialu  uiticna  or  the  peronei  maj  be  mora  affected,  witli  Qh 
reaalt,  in  the  former  caw,  of  talipea  valgui,  in  the  latter  ol  bdipM 
varus.  Id  the  caae  ibown  in  Fig.  108  the  peronei  hare  Buffered  oeii 
in  the  left  leg  and  leaat  in  the  right,  producing  aa  onajmnietrical  bat 
cormponding  distortion  oE  the  feet  This  affords  an  iltustrKtioagf 
another  fact,  namely,  tliat  when  there  ii 
a  partial  affection  of  both  legs  the  pw 
Ijrsis  ma/  be  unijmmetrical  in  the  t«o. 
Uuch  less  commonly  the  calf-mutclei 
suffer  more  than  the  otbers,  and  tiiere 
results  talipes  calcaneaa,  as  iu  tbe  csni 
shown  in  Fig.  109,  and  the  intrinua 
uuicles  of  the  foot  often  suffer  with 
those  of  the  leg.  In  the  thigh,  the  ei. 
tensors  of  the  knee  are  affected  men 
frequentlj  than  the  flexors,  and  hcoct 
flexor  contraction  is  rery  common,  aod 
ma;  eTeu  cause  subluxation  of  the  joiuL 
The  flexors  of  the  hip  often  suffer, 
g^Qeralljr  with  the  extensors  of  the  kuee. 
Lees  commonlj  the  glutei  are  iuTolved, 
but  never  alone. 

In  the  arm,  almost  all  the  mnaclei  ue 
sometimes  affected,  as  in  the  case  shown 
in  Fig  110,  but  all  are  seldom  entire^ 
paralysed.  The  intrinsic  muscles  of  tlu 
hand  often  suffer:  either  the  thenar 
muscles  or  the  interossei  maj  be  moat 
damaged.  An  instance  of  such  par^ 
T '  l^rgis    of    the   interossa    is    shown   iik. 

Fig.   111.     The    forearm    muscles   ar-« 
Fio.  liO.-AtrDpMo  iplr.!  p^-  frequently  affected,  but  the  supinatorv 
ol  ftll  the  iDoMlM  of  tUe  left  may  escape  when  the  other  muscles  ac-- 
■rm  rrom  the  deltoid  down-  involved.     The  deltoid  suffers  more  fr^E 

™."i,::^u;.'  "• "'"  ■"■  q«»"j  "■»»  -j  »«»'  ^>^  -^"^  — 

the  arm.     It  may  be  paralysed  alone  or  -^ 
asBOciatiou  with  other  muscles;  occasionally  the  deltoid,  supra- a^S 
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infra-spinatuB,  biceps,  and  supinators  are  all  involved  in  the  '*  upper 
armtjpe"  of  palsy  of  Erb*  (seep.  91).  But  other  muscles  than 
these  may  be  associate  with  the  deltoid.  The  irregularity  of  the 
grouping  is  shown  by  the  fact  that  the  triceps  is  often  affected  with 
these  muscles.  In  the  case  shown  in  Fig.  Ill  the  deltoid  and  intrinsic 
muscles  of  the  hand  were  wasted,  and  no  other  muscles.  The  serratus 
magnus  is  occasionally  affected,  as  in  Fig.  110 ;  in  this  case,  although 
the  left  arm  had  suffered  severely,  as  the  figure  shows,  on  the  right 
side  only  the  serratus  was  involved.  With  the  serratus,  the  upper 
part  of  the  pectoralis  major  is  sometimes  associated  in  paralysis 
(as  it  is  in  normal  function,  see  p.  80),  the  lower  part  being  unaffected ; 
it  was  so  in  this  patient.  The  middle  part  of  the  trapezius  and  other 
scapular  muscles  are  occasionally  involved.  The  neck- muscles  rarely 
suffer,  but  the  diaphragm  is  occasionally  paralysed.  Although  the 
intercostals  and  other  trunk-muscles  are  so  often  weakened  in  the 
early  stage,  considerable  permanent  atrophy  is  very  rare.  Curvature 
of  the  spine  is  sometimes  produced  in  consequence  of  the  patient 
being  allowed  to  sit  up  while  the  muscles  are  weak.  It  may  be  a 
lateral  or  an  antero-posterior  curve,  according  as  the  weakness  is 
on  one  or  both  sides.  I  have  met  with  considerable  depression  of 
the  lower  part  of  the  wall  of  the  thorax  on  the  left  side  from  para- 
lysis of  the  intercostal  muscles  at  the  spot,  perhaps  combined  with 
hindered  growth  of  the  ribs.  The  muscles  supplied  by  cranial  nerves 
are  scarcely  ever  affected.  I  have  once  seen  complete  paialysis  of 
one  side  of  the  face,  associated  with  wasting  in  tho  limbs,  in  an  other- 
wise characteristic  case,  and  an  instance  of  affection  of  the  face  and 
tongue  has  been  recorded  by  Pasteur.f 

The  Course  of  the  disease  has  been  already  sketched.  There  are  (1 ) 
an  initial  stage  of  paralysis,  rapidly  increasing,  often  accompanied  with 
fever ;  the  duration  of  this  stage  is  from  a  few  hours  to  a  week  or 
even  more ;  (2)  a  stationary  period,  which  lasts  for  a  week  to  a  month ; 
(3)  a  stage  of  "  regression,"  during  which  the  palsy  passes  away, 
except  from  certain  parts  in  which  wasting  occurs;  this  regressive 
period  usually  occupies  from  one  to  six  months ;  (4)  a  chronic  stage, 
during  which  the  atrophy  continues ;  slight  improvement  may  occur, 
but  contractures  and  deformities  are  developed.  The  duration  of  this 
stage  is  indefinite,  because,  wherever  muscular  tissue  remains  and 
some  voluntary  power  returns,  this  slowly  improves,  by  increased 
development  of  the  muscle  under  the  influence  of  use,  and  this 
continues  in  slight  degree  for  years.  This  gain  is  often,  however, 
more  than  counterbalanced  by  the  interference  with  growth,  and  by 
the  occurrence  of  deformities.  Even  in  the  slightest  cases  complete 
recovery  is  extremely  rare,  and  the  limb  remains  smaller  than  its 
fellow.  On  the  other  hand,  death  from  the  disease  is  equally 
uncommon,  and  occurs  chiefly  in  the  early  stage.     It  is  not  improbable 

*  See  a  paper  by  Dr.  Beevor, '  Med.-Chir.  Trnns.,'  1885. 
t  *  Laiicei,'  1887,  iu 
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ffr,:iima.  Sat  £niu  ihe  initiAl  disturbance  before  its  natare 

Xiw  u£  i^»  deaih  oociirs  at  the  end  of  the  first 

IT  VK  ^'Qk.  ±nm  unmnal  panlTsis  or  from  some  sach  severe 

JB»iiaxrttoir¥  m^  ^fsasfeai  ia  the  cases  mentioned  above,  or  as 

T.«iJwn»L  Hi!'  AowL  Mimi  doi  a  <mse  in  which  paralysis  in  the  arms 

agBR-'  ic  sw^  iw  'aurc  BfcT  «f  die  mhial  fever  and  reached  its  height 

4:    s»-  xiu  oa%.  iiovAjr  inrn^noIitT  being  lost  bj  the  seventh  in 

jflb  iRB ;  a  Httle  rigidity  of  the  neck  then 

RTt  Q&T  liie  patmit  began  to  vomit,  complained 

scDC  iia£  luJlMnauons ;  on  the  eleventh  day  he 

.twv  «t«£  dM.    BsvoM^ial  catarrh  is  an  occasional  cause 

«  iSK  7;<siixnb74nT  siMcle*  are  weak. 

•.>•  ^r^crf  !»•.  a;^i  «ioor  daeflr  in  the  form  of  a  separate 

«iAr--  «rwuH8k«:  9f  1^  ci»awL    SeiOiwd  attacks  are  almost  unknown ; 

jtit  »<i>,^>s-  Mi^  «» 'mrt  with  ia  the  aeries  of  116  cases. 

$K'<fi«4a.  j^f««K  »i«iae  vMDtMHMd  as  part  of  the  symptoms  of  the 

<ia  As  a  nile  the  general  and  nervous  health 
«Lit:  w^t^totB^  a(&£  ^  dxraiM  of  life,  are  uninfluenced  by  the  local 
ll^  «  s^"*  gaa»a>  ^-^  ^^^iw.  »>oie  other  chronic  affection  of  the 
^..1^  MCK  htf  ««»e  Aa  whea  ^e  subjecU  of  infantile  paralysis  have 
«J:u)l  i^  IVxrwKv«  mascular  atrophy  has  been  several 
^^^  «r  jQars  £^^aa  the  jMialjaed  limb,  and  sometimes  to  be 
%^^£Mnt>  ymaouc  >5  a  fraktare  of  the  bone.*  Acute  and  subacute 
-t^ir^  jc  a£DJt  3»  ^»  aldo  been  observed,  and  I  have  twice 
V  «;^<k.iiis^  «  !»»«k  aclerosis,  without  atrophy,  slowly 
a  .>w  outf  43  stfwa:«^«fa.  in  the  other  at  twenty^ight.  In 
^-.'i  vc  Uj*  «:>Jtic«  <K'  old  infantile  paralysis  there  seems 
,  **^  V  '^*v>a*  s  iispvetcioo,.  ;di^t  though  it  be,  to  fresh  disease,  and 
A  a.t.<^  ^"iijeww  wientioned  show  that  the  liability  to 
^x^  :  u.i)«^  i*  id»  b%wtt  thought,  to  the  grey  matter  t  The 
^>  .11-w  >fti  •<^  ' v.*"  .V :  j^  V.»a«^  hA*  been  known  to  facilitate  this  f  ract  ure ; 
^.x  /*Bs.    :^v   N.MV*  ut  IW  asBfecteJ  limb  were  broken  on  three  sepa- 

•X  ^^  .  .V  *      ^' A*  *  -*-*«w:  tinx^.  infantile  paralysis  was  boJieved  to  be 
^.  iM.N.ix.  iJtivv.vtt,  >«ftvta;h^it»  seat  in  the  musoles.     But  improveti 
sv«v  .^  ->•'»  t^^itir^  ihif  aerre-eeutres  have  shown  that  changes  in 
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V  >*^ii*x.   > .  -^  j*^».'^^\*  *xi»t,  and  have  the  characters  of  an  acute 

.«i.i*.»»  vvi    /^  "^   3:^5  substance  of  the  anterior  horns.      The 

,?!.*»*  vw.v   vv^.  \a*'^v<fe  the  iufantiJe  and  adult  forms,  make  it  certain 

.  w*    is.    n   --*•  *-'*^  *•*  *^'**  instances,  of  the  same  nature.     Subacute 

.l*.^.a.\  •.»  ^>%*  «  ai^'*t»  has  l»een  found,  however,  to  depend  on 

L.^^  ,>   jv  V- r*'W  *.«  J^^*** '^^'^"''  *^**  ^®^®  thought  to  be  spinal, 

v"       V   ..^  V  ■  ^«.^v^  »  cvrtainlv  identical  with  the  infantile  form 

H^H*****^^^^^  ,Nt  :i>e  oSAnpw  in  the  spinal  cord  in  the  early  stage 
u^  A*       K  .*^"  T\NN^^>^\i  by  Dr.  D.  Drummond,  in  all  probability 

«^    ^  »-  ^^  W.  x^  •*!  l^^4 '  ^"^  **•  MWeciue/  Jaiman ,  18S4,  p.  la 


one  of  tbia  disease,  is  br  f.ir  the  earliest  on  record,  and  is  indeed  the 
earliest  possible*  A  child,  five  jenra  old,  died  aEter  h.  few  hours' 
acute  illness.  The  spinal  cord,  in  the  reginii  of  the  fourth  and  fifth 
cervical  nerces,  presented  undue  redness  of  the  anterior  grey  matter. 
The  Teasels  running  from  the  surface  to  the  comu  were  distended 
with  blood.  The  microscope  showed  distension  of  fapillaries  and 
minute  extravasations  in  the 


,'  vX-- 


grey  substance,  swelling  of 
the  neuroglial  elements  and 
of  the  ganglion -cells,  which 
were  granular  with  indistinct 
processes,  Anotheriniportant 
early  observalion  is  tliat  of 
Dr.  CliarlfwoodTurner.t  sii 
weeks  after  the  onset  (Fig. 
112),  In  this  and  other 
some  what  later  cases,  acnte 
changes  have  been  found  in 
the  anterior  cornua,  more 
advanced  than  in  Drum- 
mond's  case.  They  are  often 
widely  spread  in  slight  de- 
gree, and  attain  considerable 
iDl«naity  in  one  or  more  foci, 
osually  in  the  cervical  or 
lumbar  enlargementa  or  both. 
At  these  spots  tlie  anterior 
horn  is  softened  ;  soini/timea 
there  is  hmmorrbaglc  inSltra- 
lion,  Boiiietiines  an  actual 
cavity  (Fig,  112.  a,  n)  The 
microscope  shows  eitrava- 
sated  blood,  often  massed 
along  the  vessels  (Fig.  112, 
c),and  scattered  through  the 
grey  matter  with  other  cells 
such  aa  are  met  with  in  mye- 
litis. Thereare  also  granule 
corpnscles  and  other  products 
of  degeneration  of  the  nerve- 
elements.  These  elements, 
and    especially    the     motor 

nerve-cells,  have  almost  eulirply  disappeared.  Where  the  change  is 
dtgbter  in  degree  there  is  a  leucocytal  infiltration,  a  few  granule 
oorpuscica  are  seen,  while  the  nerve-cells  may  be  structurally  intact, 
bat  swollen,  and  granuUr.  The  murbid  ap[jearaDCi.'s  may  be  con- 
•  •  BniD,'  April,  18»&  t  '  P»tl».  Tnui*.,"  vol.  iit,  p.  203. 


Plo.  ]I2.— Acotetoterior  po1ii.niir«UH*ta  ■ 
cliilil  2|yMnaId.  lii  weekf  klterthionitt. 
(Afler  CliarlewDod  Turner.)  A.  Section 
lliroagh  the  lowest  part  of  tlia  Inmliar  rn- 
Lirgetneiit,  ahoiriDg  ■  cavitj  liitble  to  the 
naked  eye,  on  the  Uft  aide.  B.  Left  enta- 
rior  hair  of  the  card  nnder  a  low  maKnlFj- 
iag  power,  ihoniiiK  deitruct'inn  of  almoil 
the  whole  anteriur  oonin.  a.  Portion  of 
anterior  coma  id  the  opper  part  of  the 
IninbHT  enlargement.  Xumeroni  eorpniclei 
lie  in  the  graimlar  protnplniiiii  and  reticolum 
of  Hoe  abrea.  A  imall  xrterf  U  encrusted 
with  leveral  lajen  of  corpaaclo  and  nuclei. 
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fined  to  the  anterior  cornua,  or  may  extenil  in  slighter  degTM  into 
the  adjacent  lateral  column,  in  which  the  nerve-fibreB  near  the  gnj 
mutter  may  undi^rgo  destructive  degeneration,  and  other  sigaa  of 
iuflimmiatioa  may  bo  seen.  The  posterior  columnx  are  always  un- 
affected. In  very  severe  cases  there  may  be  signs  of  sirght  local 
meningitis  correi^pondiiig  in  position  to  the  region  chiefly  uSected. 
This  region  corresponds  to  the  origin  of  the  nerves  supplying  tbe 
muscles  in  vhich  there  is  most  wasting,  and  the  anterior  neire-rootA 
Avhich  arise  from  this  part  present  tbe  signs  of  acute  degeneration. 

Such  changes  indicate  a  geueraJ  or  interstitial  inflammation  of  tbe 
grey  matter.  But  some  observations  bave  revealed  only  alterations 
in  the  motor  nerve-celU,  which  have  presented  granular  degeneration, 
the  baxia-substance  between  them  being  quite  unaffected.*  This 
suggests  that  there  is  a  form  of  polio-myelitis  in  which  the  changea 
are  essentially  parenchymatous  and  nut  interstitial. 

At  a  later  period,  years  after  the  onset,  the  appearances  presented 
accord  with  tbose  described  as  commonly  found  in  the  early  stage, 
e  beini;  made  for  tbe  difference  in  time.      Tbo  anterior  coruu 
ir  more  places  is  shrunken   (Fig.   113),  and  in   part  stain* 


I 
I 
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Flo.  lis.— Atiophta  iplnal  (Infantile)  panljiii.  A.  FInt  lambar  |  A*  Itft  ant«ri«r 
oomn  U  im&iler  thnii  tbe  right,  uul  it>  KrtngiUaii -cells  have  dliippBared  witti  (he 
eiceptiOD  of  tlis  ioner  group.  B.  Fourth  luiDbar  i  the  wbole  left  half  of  th<  oord 
u  imaller  than  tbe  other.  Id  contaqnenw  of  the  dimlnaliou  in  bU*  of  the  sut. 
born.  Of  tlie  gmigUoD-celU  only  m  few  remain,  belonging  to  the  ■nt«r<»-la(anl 
gronp.     SimiUr  chniige*  existed  througbout  the  lumbar  enlargement.f 

deeply  with  carmine,  in  consequence  of  its  nervous  structures  being 
replaced  by  connective  tissue,  in  part  Inas  deeply  in  consequence  of 
"granular  disintejjration"  of  tbe  Mubstance.  The  motor  nerve-cells 
are  absent,  partially  or  entirely.  Sometimes  a  few  shrivelled  cells 
remain,  sometimes  one  or  more  groups  may  be  unaffected ;  or  one  or 
two  nerve-cells  of  iioriual  appearance  may  alone  remain  {see  fig.  113). 
Small  foci  of  disease  may   be  seen  in   the  unaffected  part  of    the  j 

*  BiMler,  'Noril.  Med.  Ark.,'  ix. 

f  Fat  theie  aecticini  I  am  indebted  to  Dr.  B.  Mumphrej-t,  of  St.  Leoiurdi,  Thm  \ 
pnraljaii  came  on  at  one  and  a  half  yean  of  »ge,  txc  yenra  before  death,  aod  lavolttd  ' 
iQuat  of  the  mnaclea  of  the  left  leg,  tboM  of  the  calf  la  greatett  di-gr*^  to  tl 
UUpM  cilcaneiu  had  devehjped. 
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^rqr  matter,  and  in  these  the  motor  cells  may  be  smaller  than 
normal ;  the  iuter^ening  plexus  may  have  perished.  When  one  horn 
is  much  damaged,  the  other  may  merely  present  fewer  nerre-cells  than 
normal,  with  perhaps  a  little  condensation  of  the  interstitial  tissue. 
The  autero-lateral  column  is  usually  lessened  in  size,  and  may 
present  slight  sclerotic  changes,  especially  in  a  zone  contiguous  to  the 
grey  substance,  whence  thickened  septa  may  radiate  into  the  white 
oolumn.  This  is  evidently  due  to  the  extension  of  an  intense  inflam- 
mation of  the  grey  substance  to  the  adjacent  part  of  the  white  column. 
Sometimes  a  slighter  sclerosis  can  be  traced  through  the  lateral 
column ;  this  is  seen  chiefly  in  cases  of  long  duration,  and  is  probably 
secondary.  With  extreme  damage  to  both  comua  there  may  be 
ultimately  great  wasting  of  the  white  columns  on  each  side.*  In 
consequence  of  these  alterations,  the  affected  half  of  the  cord  is 
conspicuously  smaller  than  the  other,  even  to  the  naked  eye,  and  the 
difference  is  greatest  where  the  damage  to  the  grey  matter  is  most 
intense.  The  anterior  nerve-roots  at  the  most  affected  part  are 
imall  and  grey,  and  the  degeneration  of  the  motor  fibres  may  be 
traced  down  the  nerve-trunks.  Often  a  few  fibres  present  a  normal 
etppearance  although  the  rest  have  perished;  those  that  remain  maybe 
for  the  sympathetic  sjstem. 

The  muscular  fibres,  in  early  cases,  have  been  found  narrower  than 
normal,  and  in  a  state  of  granular  degeneration,  with  an  increase  in 
the  nuclei  of  the  sheath  and  of  the  interstitial  tissue.  Granules  and 
pigment- masses  accumulate  between  the  sarcolemma  sheaths.  In 
extreme  cases  the  degeneration  proceeds  to  complete  disappearance  of 
the  fibres,  the  place  of  which  is  occupied  by  fibrous  tracts,  developed 
partly  from  the  sarcolemma  sheaths  and  partly  from  the  interstitial 
(X>nnective  tissue.  It  is  common  to  find,  here  and  there,  a  fibre 
presenting  normal  appearances.  Sometimes  fat  accumulates  in  the 
interstitial  tissue,  so  that  the  reduction  in  the  bulk  of  the  muscle 
may  be  less  than  that  of  the  fibres.  In  slighter  cases,  in  which 
partial  recovery  takes  place,  some  of  the  fibres  probably  regain  their 
Qormal  appearance,  even  though  they  have  undergone  slight  granular 
legeneration.  Usually,  however,  many  fibres  perish ;  those  which 
recover  are  smaller  than  normal,  and  the  original  volume  of  the 
amsde  is  rarely  regained.  Although  there  may  be  a  permanent  increase 
in  the  interstitial  tissue,  this  undergoes  contraction  and  comes  to 
occupy  but  a  small  bulk.  Muscular  fibres  are  often  seen  that  are 
larger  than  normal,  and  this  is  not  (as  has  been  thought)  a  transient 
condition,  for  it  has  been  observed  seveaty  and  forty-five  years  after 
the  onsetf    It  is  perhaps  sometimes  a  true  hypertrophy.^ 

•  See  '  British  Med.  Journal/  1887,  p.  187. 

t  Joffroj  and  Achard, '  Arch,  de  M^d.  Ezp^'  1889;  D^j^rine  and  Huet,  *  Arch, 
de  Phya.,'  1888. 

{  D^j^rine.  It  is  said  to  hare  been  met  with  in  mnsclee  totally  paralysed!  bnt 
It  is  doubtful  wbetber  **  total  palsy  **  of  a  muscle  ezdades  Toluntary  oontraotioii  of 
•ome  fibres  in  it. 
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which  seDsatioa,  o^  well  o.b  motioa,  is  tost.  But  such  cases,  which  are 
most  rare,  differ  from  true  transverse  myelitiB  in  the  rapidity  with 
which  the  damt^e  restricts  itself  to  its  special  seat,  and  the  fuactiona 
of  the  white  columas  are  reslored.  The  fact  that  these  are  diseased 
in  only  a  secondary  and  trifling  manner  is  emphasized  by  tbe  fact 
that,  even  in  these  cases,  there  are  never  the  acute  bedsores  that 
would  surely  entiue  in  a  case  of  true  transverse  or  total  myelitis  of 
corresponding  ee&t. 

The  observations  mentioned  on  p.  366  suggest  tbat  there  are  two 
varieties  of  the  inflammation  of  tbe  grey  matter,  such  as  we  have 
rect^ised  ia  myelitis  generally  ;  a  parencbymalous  inflammation 
consisting  in  a  prima.ry  change  in  tbe  nerve-cells,  and  an  interstitial 
or  general  inflammation,  as  in  the  common  forms  of  myelitis, 
involving  tbe  nerve-cells  only  as  one  of  many  structures  equally 
damaged  by  a  process  that  has  no  special  relation  to  tbe  nerve- 
elementa,  The  distinction  is  important,  because  we  should  expect  to 
find,  in  the  former  cases,  a  wider  slight  initial  affection  than  in  the 
others,  and  Anally  a  more  definite  relation  to  function  in  tbe  parts 
diseased. 

The  true  pathology  of  the  malady,  its  relation  to  its  causes,  is  still 
obscure.  Tbe  one  salient  fact  that  we  can  discern,  though  scarcely 
deflne,  is  the  evidence  of  a  blood-state  afforded  by  the  general 
symptoms.  That  these  symptoms  are  not  the  consequence  of  the  local 
inflammation  is  shown  by  their  disparity  in  degree  and  difference  in 
time.  It  is  probable,  therefore,  tbat  the  spinal  lesion  is  not  the  cause  of 
the  constitutional  disturbance,  but  is  rather  an  effect  of  the  cause  of 
the  latter.  It  seems  impossible  otherwise  to  understand  the  extreme 
vanatioa  in  the  two  forms  of  disturbance.  But  we  have  no  evidenoe 
as  to  the  nature  of  tbe  blood-state,  and  there  are  no  other  effects, 
commonly  associated  with  tbe  myelitis,  to  indicate  the  general  patho- 
logical tendency  of  its  cause.  Tbe  closest  analogy  is  with  soma 
forms  of  multiple  neuritis,  and  this,  as  we  have  seen,  may  co-exist  with 
tbe  spinal  lesion,  as  a  consequence,  at  any  rate,  of  exposure  to  cold. 
The  variations,  alike  in  the  general  symptoms,  and  in  the  inSara- 
mation  of  the  cord,  and  especially  the  indications  that  the  latter  may 
be  either  parenchymatous  or  interstitial,  suggest  that  the  causal  state 
also  varies  considerably  in  different  cases.  We  have  no  indication  of 
the  way  in  which  the  remarkable  relation  to  season  is  produced, 
whether  by  predisposing  the  individual  or  favouring  the  development 
of  some  toxic  agent.  We  must,  however,  recognise  as  an  essential 
element  the  predisposing  iuQueuce  of  a^,  which  we  may  associate 
with  the  facts  that  tbe  structural  devtlopment  of  the  nervous  system 
ia  complete,  but  the  function  of  the  nerve-elements  must  lack  the 
Bt»bility  that  comes  only  from  continued  use,  and  that  tbe  pi-riod  is  one 
of  the  first  serious  demand  on  tbe  functional  energy  of  the  grey  matter 
of  the  cord.  We  may  remember  also  the  vascular  activity  that  all 
function  entails,  and  the  readiness  with  wbich  the  vaso-motor  system 
VOL.   I.  24 
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The  boDos  lia?e  boen  found,  not  only  shorter  than  normal,  but  alto 
smaller,  with  their  angles  rounded,  the  compact  substance  more 
uniform,  and  the  Haversian  canals  smaller  (Joffroj  and  Achard). 

The  brain  has  been  almost  always  found  normal.  In  one  case  with 
extensive  paralysis,  of  long  duration,  some  atrophy  was  found  in  the 
motor  region  of  the  cortex  (Sanders).  It  is  probable  that  some 
acute  changes  would  be  found  in  cases  that  dier  with  the  cerebral  sym- 
ptoms already  described. 

No  observations  have  as  yet  been  made  on  the  acute  primary  polj. 
neuritis  that  seems  occaisionally  to  coincide  with  the  inflammation  of 
the  cord.  It  is  probable  that,  in  the  cases  in  which  the  nerves  aie 
tender  in  the  middle  of  their  course,  the  sheath  will  be  found  inflamed, 
and  only  the  motor  fibres  will  present  such  signs  of  secondary  degene* 
ration  as  always  result  from  the  lesion  of  the  cord. 

Patholoot.— Both  the  character  of  the  lesion  and  ita  mode  of 
onset  suggest  that  it  is  inflammatoiy  in  the  majority  of  cases.  In  rare 
instances,  as  already  stated,  the  almost  instantaneous  onset  makes  it 
probable  that  the  lesion  is  different  in  character,  is  Tascular  in  its 
nature,  probably  hemorrhi^.  These  cases  hare,  moreover,  the 
features  of  a  primary  hemorrhage,  not  of  hemorrhagic  myelitis. 
Signs  of  inflammation  do  not  precede  the  sudden  onset.  Thus  these 
cases,  while  they  belong  to  the  clinical  group  of  acute  atrophic 
(laraljses,  cannot  be  placed  in  the  pathological  category  of  polio- 
myelitis. They  usually  differ  from  the  inflammatory  cases  in  another 
respect,  that  the  lesion  is  confined  to  one  spot  in  the  cord,  whereas  in 
the  cases  that  are  certainly  myelitic  it  is  frequent  for  several  parti 
>f  the  cord  to  be  damaged. 

The  symptoms  are  well  explained  by  the  pathological  facts  that 
have  been  ascertained*  extended  by  the  simple  inferences  that  are 
indicated  by  the  symptoms.  The  lesion  interrupts  the  motor  path, 
causing  immediate  palsy,  which  results  from  damage  to  the  cells  and 
uerve-plexus  of  the  grey  matter,  whether  slight  or  severe.  The 
recovery  of  the  slightly  damaged  structures  restores  the  voluntary 
path,  and  even  if  the  fibres  from  the  cells  degenerate,  they  seem  to 
regain  normal  nutrition  by  regeneration  when  the  cells  recover.  But 
when  the  motor  cells  are  destroyed  the  fibres  from  these  degene* 
rate  permanently.  As  the  damage  is  usually  far  wider  than  the 
destruction,  the  initial  palsv  is  more  extensive  than  the  persistent 
atrophy,  and  the  extent  of  such  is  purely  a  matter  of  this  relative 
area  of  trifling  and  severe  det^ree  of  lesion.  Nerve-cells  that  are 
decst  roved  are  n^  ver  renewed,  and  hence  the  permanence  of  the  muscufaur 
wa;sting  that  depends  on  !»uch  destruction.  When  a  few  nert e-eells 
escape  destructiou,  a  few  nerve-fibres  recover  and  a  little  muscle-tissue 
remains,  too  slight,  it  may  be,  to  be  of  use.  The  ocrmsiona]  interference 
with  the  conducting  tracts  in  the  white  eolumns  is  erplained  by  the 
obvious  extt  nsion  of  the  iudammatioo,  which,  when  very  intense,  may 
even  spread  through  all  the  structures  of  the  cord,  as  in  the  cases  in 
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wliioh  sensation,  as  well  as  motion,  is  lost.  But  such  cases,  wliich  are 
most  rare,  differ  from  true  transyerse  myelitis  in  the  rapiditj  with 
which  the  damage  restricts  itself  to  its  special  seat,  and  the  functions 
of  the  white  columns  are  restored.  The  fact  that  these  are  diseased 
in  only  a  secondary  and  trifling  manner  is  emphasized  by  the  fact 
that,  eyen  in  these  cases,  there  are  neyer  the  acute  bedsores  that 
would  surely  ensue  in  a  case  of  true  transyerse  or  total  myelitis  of 
corresponding  seat. 

The  observations  mentioned  on  p.  866  suggest  that  there  are  two 
Tarieties  of  the  inflammation  of  the  grey  matter,  such  as  we  haye 
recognised  in  myelitis  generally;  a  parenchymatous  inflammation 
consisting  in  a  primary  change  in  the  nerve- cells,  and  an  interstitial 
or  general  inflammation,  as  in  the  common  forms  of  myelitis, 
inyolving  the  nenre-cells  only  as  one  of  many  structures  equally 
damaged  by  a  process  that  has  no  special  relation  to  the  nerye- 
elements.  The  distinction  is  important,  because  we  should  expect  to 
find,  in  the  former  cases,  a  wider  slight  initial  affection  than  in  the 
others,  and  finally  a  more  definite  relation  to  function  in  the  parts 
diseased. 

The  true  pathology  of  the  malady,  its  relation  to  its  causes,  is  still 
obscure.  The  one  salient  fact  that  we  can  discern,  though  scarcely 
define,  is  the  eyidence  of  a  blood- state  afforded  by  the  general 
symptoms.  That  these  symptoms  are  not  the  consequence  of  the  local 
inflammation  is  shown  by  their  disparity  in  degree  and  difference  in 
time.  It  is  probable,  therefore,  that  the  spinal  lesion  is  not  the  cause  of 
the  constitutional  disturbance,  but  is  rather  an  effect  of  the  cause  of 
the  latter.  It  seems  impossible  otherwise  to  understand  the  extreme 
yariation  in  the  two  forms  of  disturbance.  But  we  haye  no  evidence 
as  to  the  nature  of  the  blood-state,  and  there  are  no  other  effects, 
commonly  associated  with  the  myelitis,  to  indicate  the  general  patho- 
logical tendency  of  its  cause.  The  closest  analogy  is  with  some 
forms  of  multiple  neuritis,  and  this,  as  we  have  seen,  may  co-exist  with 
the  spinal  lesion,  as  a  consequence,  at  any  rate,  of  exposure  to  cold. 
The  yariations,  alike  in  the  general  symptoms,  and  in  the  inflam- 
mation of  the  cord,  and  especially  the  indications  that  the  latter  may 
be  either  parenchymatous  or  interstitial,  suggest  that  the  causal  state 
also  yaries  considerably  in  different  cases.  We  have  no  indication  of 
the  way  in  which  the  remarkable  relation  to  season  is  produced, 
whether  by  predisposing  the  individual  or  favouring  the  development 
of  some  toxic  agent.  We  must,  however,  recognise  as  an  essential 
element  the  predisposing  influence  of  age,  which  we  may  associate 
with  the  facts  that  the  structural  development  of  the  nervous  system 
is  complete,  but  the  function  of  the  nerve-elements  must  lack  the 
stability  that  comes  only  from  continued  use,  and  that  the  period  is  one 
of  the  first  serious  demand  on  the  functional  energy  of  the  grey  matter 
of  the  cord.  We  may  remember  also  the  vascular  activity  that  all 
function  entails,  and  the  readiness  with  which  the  vaso-motor  system 
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of  childroD  is  disturbed.     Such  a  glimpse  of  the  pathological  relation! 
of  the  disease  is  all  that  we  cau  at  present  obtain. 

DiAONoniB. — This  rarely  presents  anj  difficulty  except  in  the  early 
itA^e.     When  the  initial  paralysis  is  passing  away,  and  the  wasting  is 
dititinct,  the  nature  of  the  case  is   sufficiently  evident,  and  is  cor* 
r<>l>orated  by  the  electrical  reactions,  by  the  loss  of  reflex  action,  and 
by    the   absence  of  any   impairment   of  sensibility.     At  the  onset, 
Iiowever,  the   symptoms   may   readily  be  misinterpreted.     The  most 
common  error  is  to  attach  too  much  importance  to  vomiting,  and 
t<>   regard  the  attack   as   simply  gastric.      General   disturbance  is 
naturally   ascribed  to  some  general  cause  until  nervous  symptoms 
manifest  themselves.     Even  then  there  is  risk  of  error.     On  the  one 
hand,  as  we  have  seen,  a  diagnosis  of  a  general  disease  is  not  always 
relinquished  when  paralysis  appears,  but  the   latter  is  regarded  as 
secondary.      On   the  other  band,  especially  in  young  children,  the 
existence  of   paralysis  is  often  overlooked  at  first,  and  it  is  supposed 
that  the  child  does  not  move  because  it  is  prostrate.     This  error  will 
not  be  made  if  it  is  remembered  that  mere  prostration  never  causes 
total  immobility,  And  a  fortiori  it  does  not  produce  local  immobility. 
When  the  pyrexia  ceases,  and  the  loss  of  power  persists  and  increases, 
the  existence  of  paralysis  is  always  unmistakable.     The  initial  general 
disturbance  must  then  be  regarded  as  part  of  the  disease  unless  there 
is  the  clearest  evidence  of  its  independent  nature. 

In  adults,  the  danger  of  mistaking  paralysis  for  prostration  is  con- 
siderably less,  but,  on  the  other  hand,  the  general  symptoms  are  as 
likely  to  be  misinterpreted  as  in  the  case  of  children.  The  rheuma- 
toid pains,  which  are  so  common,  are  usually  regarded  as  evidence  of 
acute  rheumatism,  especially  when  the  affection  follows  exposure  to 
cold.  Whenever  rheumatoid  pains  are  not  localised  in  the  joints, 
and  especially  when  they  are  spontaneous,  and  not  influenced  by  move- 
ment, the  possibility  of  their  spinal  (or  nerve)  origin  should  be  remem- 
bered, and  other  indications  of  spinal  mischief,  such  as  local  loss  of 
power,  tingling  or  formication,  should  be  carefully  watched  for  and 
receive  due  weight. 

Of  other  spinal  cord  diseases,  all  chronic  lesions  are  distinguished 
at  once  by  the  onset.  From  other  acute  diseases,  moreover,  the  dis- 
tinction is  only  difficult  in  the  early  stage.  As  soon  as  the  initial 
palsy  begins  to  Lessen,  and  the  muscles  in  one  part  lose  farad ic  irrita- 
bility iuid  begin  to  waste,  the  nature  of  the  case  admits  of  no  doubt 
The  diagnosis  may  be  thus  made  with  certainty  after  the  end  of  the 
first  week  by  the  electrical  reaction.  If  we  find  loss  of  faradic  irrita- 
biiitv,  it  is  certain  that  the  characteristic  alteration  in  rcltaie  irrita* 
bility  will  follow.  The  isolated  induced  shocks  should  be  used,  instead 
of  the  induced  **  current,"  because  any  harmful  stimulation  of  the 
sensory  nerves  is  thereby  avoided. 

Acute  transverse  myelitis  is  only  simulated  when  the  inflammation 
dl  thi8  gr«j  matter  is  bilateral  and  so  intense  as  to  extend  to  the 
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white  colutDDSy  but  the  age  of  the  patient  generally  suggests  correctly 
the  nature  of  the  diseaise.  The  myelitis  of  childhood  is  polio-myelitis. 
The  pseudo-transverse  variety — polio-myelitis,  transverse  through  its 
intensity — ^is  seated  in  one  of  the  enlargements  ;  the  true  transverse 
form  usually  occurs  in  the  dorsal  region.  £eal  difficulty  is  confined  to 
adults,  in  whom  there  is  extensive  cervical  or  lumbar  myelitis  involving 
the  grey  matter.  In  young  adults,  polio-myelitis  is  more  likely ;  this 
is  indicated  also  by  what  is  best  described  as  a  regressive  onset  in 
contrast  to  one  that  is  progressive.  In  the  former,  a  wide  extent  is 
quickly  reached  and  the  symptoms  then  tend  to  lessen ;  in  the  latter, 
ihe  morbid  process  is  a  longer  time  reaching  its  height :  in  the  f ormer, 
the  symptoms  clearly  show  that  the  most  severe  affection  is  of  tbe 
anterior  grey  matter ;  in  the  latter,  severe  ansestbesia  or  trophic  dis« 
turbance  may  point  to  an  equally  intense  lesion  of  the  other  parts  of 
the  cord.  If  attention  is  paid  to  the  character  and  significance  of  the 
symptoms,  the  difficulties  will  soon  vanish  ;  and  the  cases  that  present 
them  are  really  few.  Most  perplexities  will,  indeed,  be  prevented  by 
the  recollection  of  the  fact  just  mentioned,  that  primary  myelitis  in 
children  is  always  polio-myelitis.  The  separation  of  subacute  from 
acute  myelitis  of  the  grey  substance  is,  to  a  large  extent,  arbitrary. 
The  symptoms  are  similar,  but  the  onset  is  less  rapid  and  occupies 
more  than  a  week.  The  distinction  of  diphtheritic  paralysis  and  of 
multiple  neuritis  is  from  tbe  subacute  rather  than  the  acute  spinal 
atrophies,  and  is  considered  in  the  next  section. 

The  diagnosis  from  paralysis  of  cerebral  origin  is  usually  easy.  In 
oerebral  palsy  there  is  never  loss  of  faradic  irritability  or  extreme 
muscular  wasting,  or  loss  of  tbe  muscle-reflex  action.  In  the  spinal 
affection  there  is  no  trace  of  the  mobile  spasm  that  is  common  in 
infantile  hemiplegia.  Any  cerebral  symptoms  which  may  attend  the 
onset  of  polio-myelitis  are  subordinate  in  significance  to  the  state  of 
the  muscles,  as  evidence  of  tbe  permanent  lesion.  Convulsions  at  the 
onset  of  infantile  spinal  paralysis  are  general ;  those  that  result  from 
a  oerebral  lesion  are  usually  unilateral  or  commence  locally. 

The  exceedingly  slow  onset  of  pseudo -hypertrophic  paralysis, 
developing  gradually,  as  it  does,  with  tbe  child's  growth,  ought  to 
render  its  confusion  with  polio- myelitis  impossible.  A  reasonable 
doubt  can  only  arise  in  a  slight  case  in  which  the  onset  was  unnoticed 
or  forgotten.  I  have  once  known  slight  atrophic  palsy  of  the  exten- 
sors of  the  knee  to  induce  tbe  habit  of  putting  tbe  hand  on  tbe  knee 
in  rising  from  the  ground — an  action  often  thought  to  be  peculiar  to 
the  pseudo-hypertrophic  disease,  but  acquired  when  weakness  of  the 
extensors  occurs  in  early  childhood  from  any  cause.  If  this  is  not 
known,  it  may  puzzle  tbe  observer. 

Diseases  outside  the  nervous  system  which  have  been  mistaken  for 
infantile  paralysis  are  chiefly  those  in  which  local  pain  interferes  with 
the  movement  of  the  liuibs,  and  the  child  is  young.  I  have  known, 
for  instance,  the  mistake  to  be  made  in  the  case  of  hip-joint  disease 
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necrosis  of  the  femur,  and  the  affection  termed  "  scorbutic  rickets,**  in 
which  there  is  enlargement  of  the  shafts  of  the  long  bones,  extreme 
pain  on  moyement,  and  spongj  gums.  In  all  these  cases,  a  caTcfnl 
examination  will  show  that  movement  is  interfered  with  only  bj  the 
pain  ;  there  is  no  actual  paralysis,  and  there  is  no  interference  with 
reflex  action.  The  preseryation  of  the  knee-jerk  is  often  of  great 
significance ;  it  at  once  excludes  atrophic  palsy  in  any  case  in  which 
the  extensors  of  the  knee  are  weak. 

The  points  above  described  will  always  enable  the  diagnosis  to  be 
made.  It  is  impracticable  to  enumerate  the  distinctions  from  every 
disease  with  which  confusion  is  possible,  for  experience  shows  that 
there  is  no  form  of  palsy  with  which  a  common  diseaiie,  such  as  this, 
is  not  at  some  time  confounded. 

Pboonosis. — The  danger  to  life  is  probably  greatest  when  there  is 
seyere  constitutional  disturbance,  and  is  in  consequence  of  this,  often 
before  the  development  of  the  characteristic  paralytic  symptoms.  In 
the  stage  of  paralysis,  there  is  peril  only  when  the  chief  disease  is  in 
the  cervical  region,  and  respiration  is  interfered  with ;  but  this  danger 
is  small  unless  an  attack  of  bronchial  catarrh  is  intensified  by  the 
palsy.  Definite  cerebral  symptoms  inyolye  danger  proportioned  to 
their  character  and  degree,  bat  it  is  generally  less  in  reality  than  in 
appearance.  In  the  vast  majority  of  cases  the  disease  inyolves  do 
immediate  danger  to  life.  But  children  are  left  with  little  power  of 
resistance  to  other  morbid  influences,  and  occasionally  succumb  to 
some  other  illness,  as  an  acute  specific  disease,  or  an  attack  of 
bronchitis,  a  few  weeks  or  months  after  the  onset  of  the  paralysis. 

As  soon   as  the  paralysis   has   become  stationary,  %.  e.  has  not 
increased  for  twenty- four  hours,  the  danger  of  further  extension  is 
small.      But  the  question  at  once  arises,  and  is  anxiously  asked, — 
What  will  be  the  permanent  condition  ?     Will  there  be  lasting 
paralysis?     An  answer  cannot  be  giyen  until  the  end  of  the  first 
week  or  ten  days,  and  then  only  by  means  of  an  electrical  examina- 
tion.     Whatever  muscles,  at  the  end  of  that  time,  have  lost  faradie 
irritability,  will  certainly  waste,  will  remain  for  a  long  time  paralysed, 
and  will  probably  be  permanently  affected  in  some  degree,  slight  or 
severe.     On  the  other  hand,  if  there  is  no  loss  of  irritability  at  the  end 
of  ten  days,  but  it  is  apparent  at  the  end  of   a  fortnight  or  three 
weeks,    the    wasting  will   be  slighter   in   degree,  and   some  niti- 
mate  recovery  may  be  anticipated  even  in  the  most  affected  (lart. 
Where  there  is  no  loss  of  irritability,  the  paralysis  will  pass  away  in 
the  course  of  a  few  weeks,  or  at  most  of  a  few  months.    Where 
faradic  irritability  is  lost  early  and  completely,  the  wasting  will  be 
rapid  and  great,  and  it  is  unlikely  that  there  will  be  much  recover? 
of  power  or  nutrition,  although  some  use  may  be  regained.    The 
return  of  faradic  irritability  that  has  been  lost  is  a  favorable  indica- 
tion ;  it   signifies  nerve- regeneration,  and   will  be  followed  bj  an 
increase  in  voluntary  power.    Without  an  electrical  examination  it  is 
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neoessarj  to  wait  longer  before  a  prognosis  can  be  gi^en,  until 
diBtinct  wasting  on  the  one  band,  and  improyement  on  the  other, 
indicate  the  regions  in  which  tiie  paralysis  will  persist  and  in  which 
it  will  pass  awaj.  Even  then  the  prognosis  must  be  much  less 
definite. 

In  the  chronic  stage,  the  prospect  of  ultimate  recovery  depends  on  the 
rate  at  which  wasting  developed,  on  the  electrical  reaction,  and  on  the 
duration  of  the  case.  Where  there  is  no  sign  of  returning  power  at  the 
end  of  three  months,  very  little  recovery  will  occur ;  the  i^erve-cells 
are  destroyed  and  their  renewal  is  impossible.  The  preservation  of 
voltaic  irritability  (of  the  muscular  fibres)  is  so  far  satisfactory  that 
it  shows  there  has  been  no  destructive  degeneration  of  the  muscles ; 
and  if  voluntary  power  is  increasing,  it  indicates  favorable  condi- 
tions for  its  exertion,  but  it  does  not  lessen  the  grave  significance  of 
persistent  palsy  and  the  absence  of  faradic  irritability  that  indicates 
persistent  nerve-degeneration.  On  the  other  hand,  if,  at  the  end  of 
one  or  two  months,  some  faradic  irritability  can  be  still  detected, 
although  low  in  degree  (».  6.  elicited  only  by  a  strong  current), 
improvement  is  probable,  and  may  be  considerable  in  the  course  of  a 
few  months.  It  is  necessary,  in  the  case  of  children,  to  remember, 
and  to  warn  the  friends,  that  the  growth  of  the  most  affected  limb  will 
be  hindered,  and  that  this,  in  the  case  of  the  leg,  may  render  the 
effect  of  the  paralysis  more  obtrusive  by  its  interference  with  the 
gait.  Otherwise  they  are  distressed  by  what  seems  to  them  an 
iucrease  in  the  disease,  but  is  really  compatible  with  continued 
improvement. 

TasATMBMT. — The  treatment  of  the  acute  stage  of  the  disease  is 
essentially  the  same  as  that  of  myelitis,  already  described,  and  the 
rules  and  principles  already  stated  need  not  be  here  repeated.  In  the 
initial  stage  it  should  be  that  of  the  general  state,  guided  by  any 
special  causal  indications  that  may  be  detected ;  such  as  free  sweat- 
ing, followed  by  salicylate  of  soda  or  salicin,  in  a  case  distinctly  due 
to  exposure  to  cold.  We  may  hope  that  future  observations  will 
afford  us  some  indications  regarding  the  means  of  counteracting 
other  blood-states  that  apparently  exist  at  the  onset,  and  are  con- 
cerned in  the  production  of  the  lesion.  At  present  we  are  withoiXt 
this  help,  and  can  only  treat  the  initial  stage  as  we  should  any  other 
local  iuflammation,  directing  our  treatment  to  the  symptoms  that 
may  be  present,  and  the  conditions  that  apparently  underlie  them. 
The  child  should  be  kept  at  perfect  rest,  on  the  side,  and  warmth 
applied  over  the  affected  part  of  the  cord  by  poultices  or  fomenta- 
tions. The  marked  relief  these  give  when  there  is  spinal  pain,  make 
it  probable  that  they  exei*t  a  beneficial  influence  in  all  cases. 

In  such  a  disease — in  which  there  is  a  natural  tendencv  for  the 
morbid  process  to  cease  to  spread,  and  then  to  lessen  in  extent — the 
difficulty  of  ascertaining  the  effect  of  treatment  on  the  lesion  of  the 
spinal  cord  is  very  great.     Full  doses  of  belladonna  or  ergot  have 
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been  credited  with  the  control  and  arrest  of  the  morbid  pro<^ 
but  onlj  ou  the  eyidence  of  a  coincidence  in  isolated  cases,  the  value 
of  which  is  small  in  a  disease  so  irregular  in  its  course.  Either  may 
apparently  be  employed,  however,  without  fear  of  harm. 

When  the  acute  onset  is  over  and  the  spinal  lesion  has  become 
stationary  the  careful  management  of  the  early  stage  must  be 
continued  for  a  time,  because  a  relapse  or  recurrence,  however  rare, 
is  not  entirely  unknown.  Such  care  is  especially  needed  in  cases  in 
which  the  constitutional  disturbance  has  been  prolonged,  or  has 
continued  after  the  onset  of  the  spinal  symptoms,  or  the  latter  ha?e 
come  on  in  distinct  stages.  Under  these  circumstances,  perfect 
rest  should  be  maintained  for  one  or  two  weeks  more.  The  same 
prolonged  care  is  needed  when  there  is  persistent  tenderness  in  the 
limbs  or  any  indications  of  an  independent  neuritis.  Where  wasting 
is  taking  place,  some  tenderness  of  the  nerves  and  of  the  muscles 
must  l>e  expected  to  accompany  the  process,  and  this,  being  purelj 
secondary  iu  nature,  does  not  call  for  special  treatment. 

When  the  acute  stage  is  over,  and  the  condition  of  the  patient  is 
stationary  or  improving,  tonics  are  generally  both  useful  and  needed, 
especially  iron  and  quinine.     Strychnia  may  be  given  in  all  cases,  but 
it  should  be  commenced  only  two  to  four  weeks  after  the  disease  has 
become  stationary.      Although  clear  proof  of  its  utility  is  not  forth* 
coming,  and  cannot  indeed  be  expected  in  a  disease  in  which  merelj 
damaged  nerve-elements  always  tend  to  recover,  the  drug  has  a  certain 
influence  on  the  nutrition  of  the  structures  that  are  specially  affected, 
and  it  is  reasonable  to  suppose  that  it  promotes  their  recovery,  and 
is  capable  of  rendering  this  more  perfect.      But  an  agent  that  has  so 
powerful  an  influence  on  function   (and  therefore  on   nutrition)  is 
likely  to  do  harm,  rather  than  good,  until  nonnal  conditions  are  being 
restored.     If  function  cannot  respond  properly  to  a  stimulus,  it  is  not 
likely  that  nutrition  can  be  influenced  aright,  or  that  its  derangement 
can  be  other  than  increased.      Hence,  the  more  severe  the  lesion  the 
longer  time  should  elapse  before  strychnia  is  commenced,  and  the 
smaller  the  dose  that  should  at  first  be  given.      It  is  probably  never 
either  necessary  or  desirable  to  give  it  by  hypodermic  injection  in  this 
disease. 

The  disease  frequently  occurs  at  the  age  at  which  any  illness  causes 
the  hindrance  to  general  development  that  constitutes  the  condition 
known  as  rickets,  and  this  fact  should  be  remembered  in  treatmeot 
In  tbe  case  of  children  who  are  still  in  the  period  of  the  first  denti- 
tion, it  is,  therefore,  wise  to  anticipate  the  danger  by  giving,  during 
convalescence,  those  agents  that  have  most  influence  in  counteracting 
the  tendency,  especially  cod -liver  oil  and  iron ;  the  licto-phospbate  of 
lime  and  iron  is  especially  useful. 

The  use  of  electricity  is  an  important  part  of  the  treatment,  although 
for  reasons  very  different  from  those  that  first  led  to  itaiiJ9e»and  it  is 
desirable  that   they   should  be  clearly  comprehended  to  ■eeore  its 
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benefit  and  present  its  harmful  or  useless  employment.  There  is  no 
eridenoe  that  it  can  or  does  influence  the  process  of  recovery  of  the 
diunaged  elements  in  either  the  spinal  cord  or  tiie  nerves.  Moreover, 
MM  long  as  the  nutrition  of  these  is  actively  disordered,  iU  stimulatiug 
influence  is  likely  to  increase  the  derangement  rather  than  promote 
the  restoration  of  a  normal  state.  The  reasons  for  its  use  depend  on 
the  fact  that  the  disease  entails  nerve-degeneration,  and  are  essen- 
tially the  same  as  those  that  justify  and  determine  its  employment  in 
other  nerve- lesions,  and  have  been  already  explained.  The  muscular 
fibres  whose  nerves  are  degenerated  suffer  changes  in  nutrition, 
and  ultimately  perish,  if  no  nerve-regeneration  occurs.  While  the 
influenoe  normally  exerted  by  and  through  the  nerve-fibres  is  in 
abeyance,  the  muscles  are  destitute  of  this  influence,  and  without  any 
functional  stimulation.  If  they  are  excited,  from  time  to  time,  by 
eltKrtricity,  their  sensitiveness  to  stimulation  is  distinctly  increased, 
and  this  not  only  to  electricity  but  to  the  voluntary  stimulus.  This  is 
dearly  shown  by  cases  that  have  been  untreated ;  the  muscles  may 
not  respond  at  all  to  the  first  application,  but  when  they  have  been 
galvanised  two  or  three  times  a  distinct  contraction  may  be  obtained, 
and,  within  a  week,  some  voluntary  power  may  return.  Wherever 
eell  and  fibre  haye  perished,  nothing  that  electricity  effects  can 
be  of  service;  but  where  there  has  been  damage,  not  destruction, 
and  the  fibres  slowly  recover,  but  regain  their  influence  on  nutrition, 
and  their  capacity  for  conveying  impulses,  only  after  some  months, 
the  failure  of  muscular  nutrition  may  be  disproportionately  great,  and 
may  even  render  useless  some  regained  nerve-power.  This  result 
electricity  is  probably  able  to  prevent.  It  does  not,  as  far  as  we 
can  perceive,  prevent  or  even  lessen  the  visible  wasting  of  the 
muscles ;  it  is  powerless  to  counteract  the  effects  of  a  destructive 
lesion,  but  it  does  seem  to  hasten  recovery  from  the  effects  of 
partial  damage  and  to  lessen  the  ultimate  degree  of  this.  It  does  so 
solely  by  its  influence  on  the  muscular  tissue,  and  only  voltaic  elec- 
tricity can  stimulate  this  tissue  when  the  nerve-fibres  are  degenerated. 
The  mode  of  application  should  be  the  same  as  for  nerve-lesions. 
The  muscle  is  only  stimulated  when  the  circuit  is  interrupted,  as  by 
repeatedly  stroking  the  muscles  with  one  terminal  (a  sponge,  or  con- 
ductor covered  with  water- holding  material,  well  wetted  with  salt  and 
water),  which  should  be  lifted  from  the  skin  bettveen  each  stroke. 
The  other  terminal  is  kept  still ;  it  may  be  placed  on  the  upper  part 
of  the  muscle,  where  its  nerve  enters  it.  £y  some,  this  terminal  is 
placed  on  the  spine,  over  the  affected  region  (and  then  a  larger  flat 
terminal  is  employed),  under  the  impression  that  the  electricity  may 
influence  the  morbid  process  in  the  spinal  cord ;  but  there  is  no 
evidence  even  that  the  spinal  cord  is  reached  by  electricity  so  applied. 
When  applied  to  the  muscles,  the  strokes  may  be  nmde  with  the 
negative  terminal,  since  each  pole  will  influence  the  tissue,  and  the 
normally  greater  irritability  to  the  negative  often  persists.     The  appli* 
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cation  can  be  made  perfectly  well  by  an  intelligent  none,  since 
diffusion  of  the  voltaic  current  is  so  great  that  it  is  sure  to  reach  the 
affected  muscles.  Each  time  the  sponge  is  placed  on  the  skin,  the 
affected  muscles  should  be  seen  to  move  or  swell  up  in  slight  contrac- 
tion, and  it  is  desirable  to  use  as  many  cells  of  tbe  battery  as  will 
produce  this  result.  Sometimes  this  cannot  be  done  without  caosiBg 
so  much  pain  as  to  distress  the  child*  but  in  many  instances  the 
distress  is  really  due  to  a  needlessly  strong  and  painful  current 
haying  at  some  time  been  used,  and  an  amount  of  alarm  produced 
that  the  child  never  gets  over.  It  is  on  this  account  that  it  is  so  im- 
portant to  make  a  test  examination  with  great  care,  and  to  employ  the 
faradic  shock  rather  than  the  current.  Emotional  disturbance  maj 
generally  be  avoided  by  commencing  with  a  very  weak  current.  It  ii 
better,  indeed,  to  commence  with  no  current  at  all,  applying  the 
sponges  in  the  way  directed,  so  that  the  child  may  be  familar  with 
them,  and  cease  to  fear  them.  Then  two  or  three  cells  may  be  used 
and  the  strength  gradually  increased  day  by  day.  In  this  way  a 
current  strong  enough  to  cause  contraction  will  often  be  tolerated. 
If,  however,  in  spite  of  these  precautions,  this  strength  cannot  he 
employed  without  distressing  and  disturbing  the  child,  the  attempt 
to  obtain  muscular  contraction  should  not  be  persevered  in,  but  oolj 
such  a  current  employed  as  does  not  disturb  the  child.  An  influence  on 
nutrition,  if  slighter,  is  still  exerted,  and  if  the  application  is  con- 
tinued for  a  longer  time  it  is  probable  that  equal  good  is  done.  The 
electrical  treatment  may  be  commenced  at  the  end  of  the  third  or 
fourth  week  after  the  onset.  It  should  not  be  used  earlier,  lest  it 
excite  increased  disturbance  in  the  spinal  cord.  The  application 
need  only  be  made  to  those  muscles  in  which  faradic  irritabiHty  ii 
lowered  or  lost.  Other  muscles  will  either  recoirer  perfectly  without 
its  aid,  or  (as  in  the  case  of  paralysis  of  the  legs  from  implication  of 
the  lateral  columns  in  the  cervical  region)  will  be  uninfluenced  by 
electricity. 

Another  measure  which  should  be  employed  is  systematic  rubbing 
of  the  limbs.  This  stimulates  the  circulation,  which  is  always  defec- 
tive, as  the  blue,  cold  surface  shows.  It  no  doubt  also  increases  the 
movement  of  the  fluids  in  the  tissues  outside  the  vessels,  and  bo 
probably  increases  the  interchange  of  material,  and  promotes  nutri- 
tion. The  muscles  should  be  daily  rubbed  and  gently  kneaded, 
upward  rubbing  being  especially  useful.  No  liniment  is  required ;  the 
uncovered  hand  answers  best.  Cod -liver  oil  is  sometimes  rubbed  on; 
some  of  it  is  probably  rubbed  in,  without  good  or  harm.  Great  care 
should  be  takeu,  at  all  times,  to  keep  the  affected  limbs  as  warm  ai 
possible. 

In  all  cases  in  which  the  trunk-muscles  are  weak,  even  in  slight 
degree,  bronchial  catarrh  must  be  guarded  against  with  great  care. 
In  such  cases  the  muscles  of  respiration  are  weakened,  and  although 
normal  breathing  may  not  be  impaired,  the  diminution  in  strength 
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m%j  render  an  acute  bronchial  catarrh  rapidlj  fatal,  and  this  even 
months  after  the  onset  of  the  paralysis. 

When  some  voluntary  power  is  regained,  the  systematic  use  of  the 
mnsdes  is  of  great  sendee,  and  should  be  carefully  attended  to. 
Systematic  planned  moyements  may  generally  be  adopted,  and  an 
improToment  of  muscular  nutrition  and  power  may  be  secured  much 
earlier  than  if  the  limbs  are  left  to  the  chance  influence  of  such  move- 
ments as  a  child  spontaneously  adopts.  Most  of  the  good  that  is 
done  by  "  movement  cures  "  may  be  obtained  by  such  simple  mus- 
cular exercises  as  can  be  readily  arranged  with  the  help  of  a  little 
consideration  on  the  part  of  the  doctor,  and  can  be  efficiently  carried 
on  at  home,  given  the  necessary  perseverance  on  the  part  of  those 
who  have  charge  of  the  patient,  and  which,  unfortunately,  is  less 
often  forthcoming.  Such  movements  need  to  be  specially  arranged 
to  meet  the  exigencies  of  each  case,  so  as  to  call  into  action  those 
muscles  that  are  weak  but  not  powerless,  or  that  may  supplement 
the  muscles  that  are  paralysed. 

A  very  important  element  in  the  management  of  the  chronic  stage 
is  the  prevention  and  treatment  of  the  muscular  contractions,  and  of 
the  deformities  to  which  these  give  rise.  The  contractions  cannot  be 
entirely  hindered,  but  they  may  often  be  prevented  reaching  a  high 
degree  by  careful  attention  to  the  position  of  the  limbs,  and  by 
watching  for  and  treating  the  earliest  indication  of  shortening  of  the 
muscles,  it  is  needless  to  discuss  in  detail  the  varied  influence  of 
posture  in  these  cases ;  careful  and  frequent  examination  of  the  patient 
will  show  whether  any  deviation  from  normal  relations  is  being  deve- 
loped, and  its  counteraction  is  chiefly  a  matter  of  common  sense  and 
a  little  practical  ingenuity.  Of  especial  importance,  however,  are  the 
prerention  of  the  curvatures  of  the  spine  which  are  caused  by  allowing 
the  patient  to  sit  up  before  the  back-muscles  have  regained  the  neces- 
sary power,  and  the  prevention  of  the  shortening  of  the  flexors  of  the 
hip  and  knee-joints  that  occurs  when  the  patient  is  allowed  to  lie  in 
bed  with  the  legs  drawn  up.  More  difficult  of  prevention  is  the  con- 
traction of  the  calf-muscles,  often  aggravated  in  consequence  of  the 
lessened  gprowth  of  the  limb.  Something  may  be  done  during  the 
process  of  rubbing,  for  the  prevention  of  deformities.  While  the  con- 
tracted muscles  are  rubbed  upwards,  they  should  be  extended  gently 
but  firmly.  Thus,  if  the  calf-muscles  are  shortened,  the  foot  should  be 
steadily  pressed  upwards  while  the  calf  is  rubbed.  A  slipper  with 
elastic  straps  to  a  knee-band,  may  be  worn  at  night,  often  with  great 
benefit.  For  developed  deformities,  due  to  great  shortening  of  the 
muscles,  surgical  treatment  by  splints  or  tenotomy  is  usually  necessary, 
and  is  often  important  because  it  enables  the  patient  to  use  the  limb 
in  ways  that  would  be  impossible  without  it. 

For  this  and  other  reasons,  mechanical  appliances  are  of  unques* 
tionable  yalue.  Counteracting  deformities,  and  supplementing  weak 
muscles,  they  often  enable  a  child  to  walk,  who  could  not  do  so 
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vithout  their  kid,  and  power  i>  often  iacreaied  to  m  ramarkable  ezti 
in  indirect  wa^s.  In  all  these  casea,  however,  the  instrnmenta  reqit 
frequent  attention  and  alteration  to  adapt  tbetn  to  the  chaagn  doe 
growth,  and  patience  i>  required  in  the  man^ement  of  theie  cu 
through  their  long  and  tedious  course. 

Two  facts  deserve  a  final  emphasis.  At  the  end  of  six  monthi  i 
possible  recoverj  is  nearlj  completed,  and  certainlj  at  the  end  of 
year  the  lesion  Los  become  a  cicatrix,  and  further  impro*emeut  will 
merely  by  the  slow  growth  of  the  muscle  that  has  recovered,  ond 
the  stimulus  of  use.  Secondly,  this  process  of  slow  improvement 
the  result  of  use  will  go  on  for  years, — will  go  on  whatever  treatme 
is  adopted,  and  whether  special  measures  are  employed  or  not.  I 
therapeutic  specialist  who  carries  on  his  treatment  month  after  mon 
will  claim  it  m  his  achievement,  but  it  would  occur  equally  witbo' 
his  aid.  From  its  nature,  however,  as  already  stated,  it  may  jir 
bably  be  always  augmented  by  some  contrivance  to  increase  the  ii 
fluences  that  are  really  improving  the  power  of  the  muscles. 

StIB  ACUTE   AND   0  HBO  NIC   AtbOFHIC   SpiIfAL   PASAXTSIt 
(SUBACOTB  AND   CHBONIC   POLIO-HTE LITIS). 

Under  this  deNignatlon  cases  bavebeen  described  of  a  misceilaiMa 
character,  in  which  paralysis,  followed  by  muscular  atrophy,  comait 
less  rapidly  than  in  the  acute  form,  its  development  occupying  tn 
ten  to  thirty  days,  in  the  cases  which  are  termed  "  subacute^"  i 
from  one  to  six  months  or  even  more,  in  those  which  an  ail 
"chronic."     Manj;  cosos  lucluiled  under  this  nnme  differ  mud 
their  characters,  sitil  are  sometimijs  described  as  "  chronic  mys^ 
but  among  the  duns  placed,  even  until  lately,  in  this  group, anf 
of  multiple  neuritis.     Mont  Hul>acute  atrophic  (>alsiee  are  doetl 
disease;  almost  all,  iudcod,  which  present  ayniuetricol  palaj.  I 

The  cases  of  spiiial  atropbin  paralysis,  in  which  the  < 
acute,  may  be  placed  i; 

(1)  Cases  of  SI  lb  acuta  polio- myelitis  which  differ  f 
form,  already  described,  ouly  in  tbeir  less  rapid  dorel 
present  the  same  initial  general  disturbance  • 
and  the  same  recovery,  etcejit  in  a  limited 
wasting  occurs.     TLcy  are  thus  distingui 
alsoby  theirreguliir  diitLributioDuf  thoaja 
have  been  adults.     Little  is  known  of  tb«  j 
further  than  that  it  certainly  i 
and  is  probably  ■om^'timeB  the 
symptoms  and  geiicrivl  histoix 
difference  from  thu  ucuti'  f 

(2)  Cases  are  met  with  b 
the  fact  tbnt  their  cou  r» 
ehrouic,  occupying  frui 
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arrest  followed  hy  improvement,  the  more  or  less  rapid  onset  is  fol- 
lowed bj  slower  gradual  increase,  until  at  last  wide-spread  chronic 
muscular  atrophj  is  deireloped.     Many  of  these  are  really  cases  of 
progressiTO  muscular  atrophj  with  a  subacute  onset.     For  example,  I 
have  more  than  once  known  a  case  of  this  disease,  ultimately  typical, 
to  begin  by  a  subacute  atrophic  paralysis  of  the  extensors  of  the 
wrists.      These  cases  will  be  considered  in  the  account  of  that  disease. 
Others  present  differences  from  that  malady  and  symptoms  of  more 
irregular  character,  which  show  that  the  lesions  are  distributed  through 
Tarious  structures  in  the  cord,  and  these  must  be  regarded  as  cases  of 
chrooic  myelitis  involying  the  anterior  comua.     This  form  also  is 
chiefly  confined  to  adults.     It  occasionally  results  from  cold,  and 
sometimes  from  injury,  as  a  fall  on  the  back.      Intemperance  and 
venereal  excesses  are  also  said  to  cause  it.    The  wide-spread  muscular 
atrophy  which  sometimes  results  from  lead-poisoning  is  probably  of 
this  nature.     The  muscles  at  first  present  the  degenerative  reaction, 
or  normal  faradic  irritability  with  increase  to  voltaism  ;  sometimes, 
however,  there  is  a  loss  to  both  f aradism  and  voltaism.    The  sphincters 
usually  escape.      In  many  cases,  the  affection  exhibits  a  persistently 
progressive  character ;  muscular  atrophy  slowly  increases  and  extends, 
until   the  case  ultimately  resembles  one  of  progressive   muscular 
atrophy,  and  the  patient  dies  at  the  end  of  one  or  two  years  from 
exhaustion,  or  from   interference   with  the  respiratory  movements. 
In   other  cases,   the  atrophy,   after    slowly   progressing  for  many 
months,  becomes  stationary,   and    considerable    improvement  may 
ultimately  take  place.     This  course  is  seen  especially  in  traumatic 
cases.     Few  observations  on  the  pathological  anatomy  of  the  affection 
have  been  made.     Cornil  and  Lepiue  found,  in  one  case,  at  the  end 
of  four  jears,  softening  of  the  lower  part  of  the  spinal  cord,  chiefly 
in  the  anterior  cornua,  disappearance  of  the  ganglion-cells,  increase 
of  the  connective  tissue,  and  sclerosis  of  the  white  substance  around 
the  anterior  horns. 

The  diagnosis  from  the  first  form  rests  on  the  slow  onset  and  pro- 
l^ssive  course  of  the  disease.  Although  the  degenerative  .electrical 
reaction  may  be  found,  it  is  frequently  absent,  and  this  is  another 
distinction  from  the  acute  variety.  On  the  other  hand,  the  fact  that 
paralysis  precedes  wasting  is  a  distinction  from  progressive  muscular 
atrophy.  In  the  most  chronic  form,  however,  this  distinction  fails, 
and  cases  are  met  with  which  present  a  gradation  between  the  two 
diseases. 

The  prognosis  is  grave  except  in  traumatic  cases,  but  is  influenced 
by  the  observed  rate  of  progress,  and  the  presence  or  absence  of  any 
indications  of  arrest.  When  the  result  of  injury,  considerable  im- 
provement is  not  uncommon,  and  it  is  remarkable  how  great  a  degree 
of  paralysis  and  atrophy  may,  in  these  cases,  ultimately  pass  away 
almost  completely.  The  treatment  of  the  disease  must  be  influenced 
by  the  rapidity  of  its  onset.     In  the  subacute  stage  and  form  it  should 
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be  conducted  on  the  same  principles  as  that  of  acute  comual  mjelitU. 
In  the  chronic  form  the  treatment  must  be  the  same  as  for  progregsiva 
muscular  atrophy. 

(8)  Many  subacute  and  chronic  cases,  which  have  been  described 
as  atrophic  spioal  paralysis,  are  peripheral,  not  central  in  their  nature, 
and  are  cases  of  multiple  neuritis,  the  symptoms  and  diagnostic 
indications  of  which  have  been  already  described.  The  history  of  tbe 
subacute  spinal  disease  has  been  largely  written  from  cases  of  multiple 
neuritis.  In  the  statements  just  made,  this  fact  has  been  kept  in 
▼iew.  While  multiple  neuritis  may  simulate  closely  chronic  polio- 
myelitis, it  is  certain  that  the  converse  is  also  true,  and  the  central 
affection  has  been  sometimes  thought  to  be  peripheral.  The  facta  at 
present  available  suggest  that  the  central  and  peripheral  structures  of 
common  function  possess  common  susceptibilities  to  the  action  of 
morbid  influences,  and  there  is  still  danger  that  the  two  classes  maj 
be  confused.  The  most  impoi-tant  criterion  is  the  greater  irregularity 
in  distribution  of  the  central  disease, — the  more  perfect  symmetry  of 
the  peripheral  affection.  The  presence  of  tenderness  of  the  nerre- 
trunks,  and  of  the  structures  to  which  the  nerves  are  distributed,  is  of 
more  value,  when  it  exists,  than  is  the  suggestion  afforded  by  its 
absence  that  the  disease  is  central,  because,  in  the  periphery,  only 
fibres  of  one  function  may  suffer ;  we  may  then  have  none  of  tbe  sym* 
ptoms  that  we  commonly  associate  with  neuritis,  and  look  for  as  proof 
of  its  existence.  In  purely  motor  neuritis  there  may  be  uo  tender- 
ness or  pain.  But  such  an  affection  is  either  unilateral  or  perfectly 
symmetricaU  Imperfect  symmetry  indicates  an  affection  of  the 
oord. 


ACUTE  ASCENDING  PARALYSIS. 

Ascending  paralysis,  which  commences  in  t£e  legs  and  ascends  to 
the  musclea  of  the  trunk,  the  arms,  muscles  of  the  neck,  the  diaphragm 
and  the  pharynx,  is  a  feature  of  several  diseases — meningeal  hsemor- 
rhage,  ascending  myelitis,  &c. ;  but  it  occurs  also  in  cases  in  which  the 
spinal  cord,  aft«r  death,  appears  healthy  to  both  naked  eye  and 
microscopical  examination.  Such  cases  have,  however,  certain  charac- 
teristic features  which  make  it  desirable  to  distinguish  the  condition 
from  other  diseases,  and  the  affection  has,  therefore,  been  provisionally 
termed  "  CLcute  ascending  parcdygis,"  in  the  absence  of  any  evidence  of 
its  nature.  It  was  first  described  by  Landry  in  1859,  and  hence  is 
often  called  Landr\f$  paralysis.  Acute  ascending  paralysis  is  %  mosl 
formidable  malady,  most  cases  proving  fatal  in  a  few  days.  Its 
nature  is  mysterious,  but    recent    discoveries    regarding  nraltiplt 
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nearitifl  have  disclosed  instructive  analogies  between  the  two  alEeo- 
tions.  These  have,  indeed,  led  some  observers  to  the  opinion  that  this 
ascending  paralysis,  without  organic  central  lesion,  is  an  affection  oi 
the  nerves.  As  wo  shall  see,  it  is  not  probable  that  this  opinion  is 
correct,  although  it  is  possible  that  the  nerves,  as  well  as  the  centres, 
are  sometimes  affected. 

Causss. — The  etiology  of  the  disease  resembles,  in  general,  that  of 
acnte  multiple  neuritis  more  nearly  than  that  of  any  other  affection. 
The  disease  affects  males  more  frequently  than  females.  It  occurs 
chiefly  between  twenty  and  forty  years  of  age,  but  has  been  observed, 
hi  rare  cases,  in  older  and  younger  persons,  and  even  in  children. 
Bome  sufferers  have  been  the  subjects  of  alcoholism.  Severe  exposure 
to  oold  has  been  the  apparent  cause  in  many  instances.  In  other  cases 
the  disease  has  occurred  under  conditions  such  as  cause  toxsemic 
states,  or  after  the  occurrence  of  some  known  blood-disease.  Thus 
it  has  occurred  during  convalescence  from  some  general  disease, 
smallpox,  diphtheria,  typhoid  fever.  It  has  also  followed  febrile 
diseases  of  obscure  nature.  In  these  cases,  it  should  be  noted,  the 
disease  has  followed  at  an  interval  of  a  week  or  a  few  weeks.  It 
also  sometimes  succeeds  some  traumatic  process,  such  as  a  wound, 
and  here  also  after  an  interval,  and  usually  when  the  wound  was 
apparently  healed.  I  have  known  it  thus  to  follow  an  attack  of  peliric 
oellulitis.  In  these  respects  it  closely  resembles  polyneuritis.  The 
disease  has  been  repeatedly  observed  in  the  subjects  of  syphilis,  and 
has  apparently  been  arrested  by  the  treatment  for  this  disease.*  The 
circumstance  that  when  some  malady  or  wound  preceded  the  disease, 
the  former  was  often  of  a  trivial  character,  prevents  surprise  at  the  fact 
that,  in  many  cases,  no  influence  could  be  traced  to  which  the  disease 
could  be  ascribed. 

Symptoms. — Premonitory  symptoms  have  been  noted  in  some  cases 
— general  malaise,  pains  in  the  head  and  back,  tingling  in  the  extremi- 
ties— for  a  few  days  or  a  week  before  the  onset.  The  first  definite 
symptom  is  usually  weakness  of  the  legs,  often  commencing  in  one 
and  spreading  to  the  other.  The  weakness  increases  rapidly,  so  that 
the  power  of  standing  is  lost,  sometimes  in  a  few  hours,  sometimes  at 
the  end  of  two  or  three  days ;  it  goes  on  to  complete  paralysis,  with 
relaxation  of  the  muscles.  As  the  legs  become  motionless,  the  muscles 
of  the  trunk  become  weak,  first  of  the  pelvis,  loins,  and  abdomen, 
then  of  the  thorax.  The  weakness  next  invades  the  arms ;  either  the 
upper  arm  muscles  or  those  of  the  forearm  and  hand  may  be  first 
attacked,  and  one  arm  is  often  weakened  before  the  other.  The 
paralysis  of  the  arms  may  become  absolute,  like  that  of  the  legs,  or 
some  power  of  movement  may  remain.     The  diaphragm  and  neck 

*  Much  weigbt  tbonld  not  be  plsced  on  tbii  fact  at  proof  of  carnal  relationtbip, 
ttfantft  (apart  from  tha  fallacy  of  independent  eeeiation)  it  it  probable  tbat  tbe 
Iraatment  that  is  ^IBeetiTe  againit  tbe  vima  of  typbilit  la  alio  eifecti? e  againift 
b&ood-atataa  thai  dtpsnd  on  agenta  of  similar  aatnra. 
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•  hri*i  pyrexia  attended  the  onset,  and  in  a  few  others  moderate 

:Af»  liisturliance   (2°  or  3°)  occurred  at  a  late  period.     Profuse 

uii^   Las  been  occasionally  noted.     Enlargement  of  the  spleen 

•k  iiuU'il  by  Westphal),  such  as  occurs  in  other  acute  diseases,  is 

Xi«X]Ueut. 

(be  chief  feature  of  the  disease  is  an  almost  purely  motor 
)ninu>*46.  progressive  in  character,  with  relaxation  of  the  muscles 
the  acute  stage  of  the  disease.  It  usually  has  an  ascending 
but  irregular  cases  are  met  with  in  which  the  order  of  invasion 
^.ywritKi.  Thus  the  arms  are  occasionally  involved  before  the  legs, 
^w  Oiikphnigm  l)efore  the  intercostals ;  the  bulbar  symptoms  have 
iuiowu  to  precede  the  others,  and  I  have  seen  them  reach  a  high 
with  a  fatal  involvement  of  the  cardiac  centre,  l>efore  the  up()er 
fiUNtiieri  of  respiration  were  affected  or  the  hands  quite  powerless. 
^i«Mk.ijk£OUs  eases  have  been  recorded  by  others,  the  special  features 
^tu  ^••urbe  being  those  characteristic  of  the  disease.  In  some  cases, 
f«MWcv  •.-(-,  uf  irregular  course,  changes  have  been  found  in  the  electric 
M^*4Mi.iitiiy  of  the  muscles;  it  is  probable  that,  in  such  cases,  the  peri- 
iitTVfS  are  affected,  although  we  cannot,  on  this  account,  at 
.  j;;.  ^■•I. unite  these  from  the  typical  cases  of  the  disorder — a  point 

.1..  !.••  fXjilained  in  connection  with  its  pathology. 
..      II-  .i<'  varies  considerably  in  the  rate  of  its  progress.     It  may 
;.i>'/  and  end  fatally  in  forty-eight  hours.     Death  usually 
\i  .'itlier  respiratory  or  cardiac  paralysis — the  latter  in  the 
-  LTiilar  course.     A  large  proportion  of  the  fatal  cases  last 
:  wuek.     On  the  other  hand,  the  disease  may  only  attain  its 
::i»*  end  of  two,  three,  or  even  four  weeks.     In  some  cases, 
■  oi  the  same  character,  the  paralysis  of  the  limbs  has  not 
j-.Lto.     There  may  be  a  rapid  extension  of  the  paralysis  to  a 
It.  and  it  may  then  cease  to  spread,  and  the  limbs  last  and 
■  ti^'d  may  slowly  regain  power.     A  patient  may  lie  for  days 
.iitinu  of  universal  palsy,  save  for  a  little  respiratory  power, 
li  improvement  begin.     As  a  rule,  the  order  of  recovery  of  the 
?  is  the  opposite  to  that  of  their  invasion.     In  favorable  cases 
.  -viTy  of  power  is  usually  slow;  two  or  three  months  often 
■    l>i-t'ore  the  weakness  entirely  disappears.     Occasionally  there 
>  u  a  more  rapid  improvement,  and  the  patient  has  been  well  in 
weeks. 
■  I  uoLOOT. — As  a  rule  the  most  careful  and   skilled  examina- 
!ias  failed  to  discover  any  morbid  appearance  in  the  spinal  cord, 
I   <.  or  muscles.    Minute  hemorrhages,  met  with  occasionally,  have 
.•ably  occurred  during  the  last  moments  of  life.      In  a  few  cases, 
itrentlv  similar  to  the  others,   slight   scattered    indications   of 
animation  have  been  found  in  the  grey  matter  of  the  cord,  with 
generative  changes  in  the  ganglion-cells  (Immermann)  ;  but,  as  a 
ti.e.  the  central  nervous  system  shows  no  trace  of  lesion.      Of  late 
.iL»re  attention  has  been  paid  to  the  peripheral  nerves,  and  slight 
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HI  ll^'itioTis  of  iicut4?  changes.  l»ot,h  parenchymatous  and  interstitial,* 

"■•■■  ■  ;'»>'ii  found  in  tlit^m.  alt.Iioujj^li  in  some  cases  they  have  beenappa- 

'      ij'innal.     lu  aJ«lili«)n  to  the  enlargement  of  the  spleen  observed 

;..  ■_:  l.ft:  ,in«l  found  also  aftor  «l»ath,  the  mesenteric  glands  have 

■*•..   .*  >'iii.i  s\voIl»Mi.  and  .ilso  rlit.-  (d<ised  follicles  of  the  intestines. 

'  '   M'l'-niM    woro    f.iniid    in    the    irlands    by   Baumgarten,  but  moat 

•  .    •  rs    ljav»f    M*ar*^lM'<l    for  them  without  sucess  in  all  cases  of 

.  ■■'■  .■!  .jl..-jrM'*i'r. 

;  '   •-<•  ni'u'ativ.-  fa<n^,  ♦^akt'H  in  conjunition  with  the  conditions  under 
•.':i-  -1.  'li.'  dls«Ms»»  •"■tMirs,  :ind   with  tlie  course  of  the  malady,  have 
nu  ._'♦.>:*, .]  t]i,.  .dj-.;i  of  I  in\'i.'  inriu«»nce  nctmg  on  the  nerve-centre*; 
M"!  '\r-<  :d»\i  ro<'iMvi;s  >upporT  from  the  discovery  that  acute  swelling 
..t*  *!;.-   >!.!t'»'n  i^  <'onnnou,  md  of  the   lymphatic  glaudn   not  rare — 
..-io'-'?  Miat  indiiMtf  n  morbid  blood-state.      The  limitation  bv  func- 
i'>M     f   M.iny  f.vxipTnio  palfti»*s,  e.g.  that  of  accommodation,  affords 
ntirmati(Mi  of  this  vitw,  sinre  the  isolated  acute  paralysis  of  a  func- 
..  nal  '-nntro,  not  iinatoTnieally  separate  from  others,  is  known  onljas 
.  <or.«*^qufn»'e  of  a  toxii*  influence.     Furtht^r  confirmation  is  afforded 
v  :]\t*  tart  that  <»as«'8  of  acute  multiple  neuritis,  certainly  due  to  a 
..\:»-Tiiia.  may  run  a  similar  course,  and  that  indications  of  such  com- 
.  uTi«  invr  neuritis  mav  actuallv   be  found  in  this  disease.     But  this 
i.i.'s  not  ♦'Kolude  a  central  process.     It  has,  indee<i,  been  conjectured 
•  i.it  tho  n,»rv«»8  aro  always  the  stnictures  im|>aired,  but  this  view  is 
..•nd»*n^d  niilikidy  by  the  common  al*sence  of  altered  excitability  of 
:!ie  Tnns<'h*s,  since  the  motor  nerves  seem  never  to  escape  invariably 
.1  ferii'hi^ral  neuritis  of  anv  varictv,  however  common  their  freedom 
:  I  oui  alfertion  in  the  type.     At  t  he  same  time  this  does  not  exclude  the 
-M'riidierv:  the  Tierves  mav  suffer  also  m  some  cases,  and  there  mav. 
iidtH^ti.  be  u^radati«>ns  to  the  cases  of  licute  multiple  neuritis  of  ascend- 
•iiT  course  d'»scnhetl  at  p.  128.     If  we  ask  on  what  nerve-structures 
i.s  t<»xic  influence  is  usually  exerted,  we  meet  with  the  difficulty  that 
*  nde  It  is  clearly  upon  some  part  of  the  motor  path,  the  integrity  of 
iC  muscles  shows  that  the  interruption  is  not  in  their  nerves  or 
i,rve-«*ells.  and   their  relaxation,  with  the  prolonged  impairmeDt  of 
ivotatic  irritabdity.  sugirests  tliat  the  structures  interfered  with  are 
oi  far  from  the  motor  centres.     Curara  abolishes  the  function  of  the 
.  rnunatum  of  the  lower  segment  of  the  motor  path,  t.  e.  of  the  nerve- 
(idmLT^  in  the  muscles.      It  may  l)e  that,  iu  this  disease*  some  toxic 
:itiuence  impairs  in  an  analogous  manner  the  function  of  the  ter- 
lUuation  of  the  upper  segment,  paralyses  the  ramification  in  which, 
.:j  we  have  seen  (p.  175),  the  pyramidal  fibres  must  end  in  the  grey 
•natter,  and  l>y  which  they  are  connected  with  the  lower  segment.    It 
as  heeu  alrr>ady  point* d  out  (p.  213)  that  the  nutritional  stability  of 
lie  term  1  nation  is  probably  lower  than  that  of  any  other  part  of  each 
^ixment.  since  it  is  the  part  furthest  from  the  nerve-cell  from  which 
ihitt  6Ure  proi'eeds,  and  on  which  its  nutrition  depends.      The  greatei 

*   Kit^nlohr.  *  Dt-at.  ai«d.  Woclientehr./  IbOU,  No.  38. 
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length  of  the  fibres  for  the  lumbar  region  maj  render  their  termination 
more  susceptible  than  that  of  the  fibres  for  the  arm,  and  hence  the 
ascending  course  of  the  paralysis.  It  is,  moreoTer,  readilj  conceivable 
that  the  effect  extends  in  slight  degree  to  other  structares  in  the  grej 
matter — those,  for  instance,  which  intervene  between  the  sensorj  and 
motor  cells ;  and  thus  the  loss  of  reflex  action  and  mjotatic  irritability 
is  explained,  as  well  as  the  muscular  relaxation,  since,  as  we  have  seen, 
muscular  tone  must  be  ascribed  to  a  reflex  process.  The  structures 
affected  may  vary  somewhat  in  different  cases,  and  thus  the  state  of 
reflex  action  may  vary.  The  facts  of  diphtheritic  paralysis  also  show 
that  the  effecU  of  such  a  toxic  influence  may  be  revealed,  in  varying 
degree,  by  visible  changes  having  the  characters  of  inflammation,  and 
we  can  thus  understand  that  indications  of  such  inflammation  in  the 
grey  matter  may  be  occasionally  met  with.  The  bulbar  symptoms 
come  under  the  same  explanation.  The  motor  path  through  the 
nuclei  of  the  medulla  has  the  same  pathological  relations  as  that 
which  passes  through  the  grey  matter  of  the  spinal  cord.  The  separate 
affection  of  nerve-structures,  distinct  from  others  only  in  function,  is 
common  in  the  phenomena  of  toxic  actions.  There  are  no  facts  to  show 
the  nature  of  the  blood- state,  except  those  that  suggest  its  alliance 
with  the  influences  that  act  on  the  peripheral  nerves ;  multiple  neuritis 
should  be  studied  in  connection  with  this  disease.  These  facts  suggest 
that  the  virus  is  a  product  of  the  preceding  growth  of  organisms,  at 
least  in  some  cases ;  and  if  so,  it  is  natural  that  the  organisms  them- 
selves should  not  be  found. 

Diagnosis. — The  disease  is  recognised  by  the  rapid  development  of 
paralysis,  usually  ascending,  with  relaxation  of  the  muscles,  and  with 
loM  of  reflex  action,  without  considerable  pain  or  loss  of  sensation, 
and  if  the  patient  survives,  without  wasting  of  the  muscles  or  change 
in  electrical  irritability.  The  latter  characteristio  distinguishes  the 
disease  from  acute  atrophic  paralysis,  while  the  absence  of  pain  in  the 
back  and  of  spasm  is  a  distinction  from  meningeal  hsBmorrhage.  The 
diagnosis  from  general  ascending  myelitis  has  been  already  con- 
sidered ;  it  rests  especially  on  the  involvement  of  all  the  functions  of  the 
cord  in  inflammation.  The  distinction  from  multiple  neuritis  has  been 
mentioned  in  the  account  of  that  disease  (p.  140),  but,  it  may  be,  is  not 
always  absolute,  since  the  nerves  probably  suffer,  as  well  as  the  cord, 
in  some  cases  of  ascending  paralysis.  The  distinction  from  poly- 
neuritis, founded  on  the  course  of  the  ascending  form,  is  subject, 
moreover,  to  the  reservation  that  while  ascension  to  the  arm  through 
the  trunk  is  a  feature  of  the  central  disease,  this  is  not  excluded  by  a 
more  irregular  course,  and  the  character  of  the  individual  symptoms 
mast  be  taken  into  consideration  (see  also  p.  888). 

PftooNOSis. — The  affection  is  one  of  extreme  gravity.  The  danger 
to  life  is  in  proportion  to  the  interference  with  respiration  and  with 
tiie  functions  of  the  medulla  oblongata,  especially  with  the  cardiac 
centre,  and  also  to  the  rapidity  with  which  the  palsy  comes  on«    But 
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the  cases  which  develop  with  comparatiye  alowness  are  not  deioid  of 
danger.  Even  when  the  symptoms  onlj  reach  their  height  at  the  end 
of  three  or  four  weeks,  death  may  occur  in  the  same  way  as  in  the 
more  rapid  cases.  On  the  other  hand,  recovery  has  been  known 
although  the  patient  has  lost  all  power  of  motion  at  the  end  of  the 
second  day.  The  danger  is  great  as  long  as  the  symptoms  are  in- 
creasing, and  only  when  distinct  improvement  can  be  recognised  is  it 
justifiable  to  anticipate  recovery.  The  earlier  the  bulbar  symptoms 
appear,  the  more  serious  is  their  significance.  Mental  symptoms  also 
increase  the  gravity  of  the  proguosis,  as  they  usually  indicate  a  seyere 
blood-change,  the  effects  of  which  on  the  nervous  system  are  likely  to 
reach  a  high  degree. 

Trbatmbnt.— During  the  early  stage  of  an  attack  of  acute  ascend- 
ing paralysis,  in  the  absence  of  other  indications,  the  treatment  should 
l>e  that  suitable  for  myelitis,  since,  at  the  onset,  the  diagnosis  between 
the  two  diseases  can  never  be  certain.    A  warm  bath,  or  still  better, 
a  vapour  bath,  should  be  given  if  the  symptoms  followed  exposure  to 
cold.     It  should  be  followed  by  counter-irritation  over  the  spine  bj  a 
long,  narrow  mustard  plaster.     More  energetic  counter-irritation,  e?^ 
the  actual  cautery,  has  been  recommended.     The  body  should  be 
kept  in  as  perfect  rest  as  possible.    In  a  very  few  cases  have  drugs 
appeared  to  exert  any  influence  on  the  course  of  the  disease,  and  the 
malady  is  so  rare  that  experience  accumulates  slowly.     Salicylate  of 
soda  seems  to  deserve  a  trial  in  cases  that  follow  exposure  to  cold. 
Ergotin  has  been  given,  and  one  case  in  which  it  was  used  desenres 
special  mention.     The  patient  was  a  man  aged  fifty-seven,  who,  a 
week  after  exposure  to  cold  and  wet,  complained  of  a  feeling  of  wdgbt 
and  weakness  in  the  legs ;  the  temperature  rose  to  103^ ;  the  loss  of 
power  gradually  became  complete  in  the  legs  and  spread  to  the  arms, 
without  loss  of  sensation.    At  the  end  of  the  second  day  there  wis 
difficulty  in  swallowing,  in  articulation,  and  in  breathing,  and  death 
seemed  near.     Ergotin  was  given  every  hour,  and  during  the  night 
the  patient  took  twenty  grains.    In  the  morning  the  bulbar  symptoms 
were  better,  the  arms  stronger,  and  there  was  a  trace  of  motor  power 
in  the  legs.    The  patient  rapidly  improved,  and  at  the  end  of  a  week 
was  well     If  swallowing  becomes  difficult,  care  must  be  taken  to 
administer  a  sufficient  amount  of  nourishment,  either  by  the  reetam 
or  by  the  nasal  tube.     Several  cases  have  been  recorded  in  persons 
who  had  had  syphilis,  in  whom  arrest  of  the  disease  followed  the 
administration  of  iodide  of  mercury.     The  chief  lesson  of  modem 
researches  is  certainly  that  we  must  look  for  the  means  of  effectire 
treatment  to  the  neutralisation  of  the  toxic  influence  on  which  the 
malady  apparently  depends.     At  present,  however,  nothing  has  been 
ascertained  regarding  antidotal  agents  available  in  the  sunitely  active 
stage  of  these  toxsemic  states.     It  is,  however,  probable  that  mercniy 
is  capable  of  doing  this  in  some  cases,  and  that  when  the  cauiatioB 
ia  obaonre,  and  the  disease  develops  slowly  enough  to  permit  mercoiial 
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treatment,  it  is  wise  to  adopt  this  irrespective  of  the  fact  of  preceding 
sjphilis.  In  cases  that  follow  traumatic  lesions,  especially  if  there 
have  been  any  indications  of  septicsemia,  full  doses  of  perchloride 
of  iron  offer,  I  believe,  the  best  means  of  destroying  the  activity 
of  the  blood-state.  Urgent  symptoms  require  the  same  treatment 
as  in  myelitiii. 


PARALYSIS  FROM  LESSENED  ATMOSPHERIC  PRES- 
SURE;  DIVERS'  PARALYSIS. 

Divers,  and  especially  those  who  work  in  caissons,  at  such  a 
depth  beneath  water  that  they  are  exposed  to  considerable  pressure, 
may  become  paralysed  soon  after  their  return  to  the  surface.* 
Apoplectic  attacks  and  hemiplegia  also  sometimes  occur,  but  paralysis 
of  the  legs  is  by  far  the  most  common  effect,  and  it  is,  therefore,  clear 
that  the  spinal  cord  suffers  in  greater  degree  than  any  other  part  of  the 
nervous  system.  Miners  have  been  said  to  suffer  also,  but  this  is 
doubtful,  because  a  pressure  equal  to  at  least  an  additional  atmosphere 
seems  necessary  for  the  production  of  the  symptoms.  Most  of  the 
subjects  of  the  disease  have  worked  at  a  depth  of  from  forty  to 
ninety  feet  below  the  surface  of  water,  and  under  a  pressure  of  two 
to  four  atmospheres.  In  the  extensive  works  involved  in  laying  the 
foundations  of  bridges,  in  which  many  men  have  been  employed,  a 
considerable  proportion  of  the  workers  have  suffered  in  some  measure  ; 
but  severe  degrees  of  affection  are  rare,  because  the  conditions  under 
which  they  occur  can  be  avoided.  They  only  occur  in  those  who  have 
been  exposed  for  more  than  a  certain  time,  which  is  the  shorter  the 
greater  the  pressure.  At  a  depth  of  ninety  feet  beneath  the  surface, 
immunity  from  severe  symptoms  (and  commonly  from  all  symptoms) 
is  obtained  by  reducing  the  periods  of  work  to  an  hour.  The  danger 
is  greater  in  those  who  have  bad  several  previous  periods  of  work  on 
the  same  day,  and  especially  if  slight  symptoms  have  been  experienced 
after  one  of  these.  It  is  also  greater  in  those  unaccustomed  to  the 
conditions.  I  have  met  with  one  case  of  hemiplegia  in  a  diver  after 
only  half  an  hour's  work  in  a  well  at  ninety-six  feet,  but  the  man  had 
been  down  twice  before  with  only  intervals  of  rest  of  half  an  hour, 
and  the  attack  passed  off  in  the  course  of  an  hour.  In  another  case 
paraplegia  occurred  after  working  for  an  hour  under  only  fifty  feet  of 

•  See,  on  this  tabject,  BabiDgton  and  Cuthbert,  « Dabl.  Qnart.  JonnL,'  1868* 
p.  818  (cmsee  at  LondoDderry)  ;  Eads,  *  Med.  Timet  and  Gai.,'  1871,  p.  291  (caaet 
at  St.  Lonis)  i  Leyden* '  Arch.  f.  P«yehUtrie,'  iz.  Heft  2 1  and  Moxon,  *  LauoeV 
1881,  ii.  628. 
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water,  but  tbe  man  bad  worked  on  the  preceding  day  at  a  depth  of 
one  hundred  and  twenty  feet  below  the  surface.  It  is  evident,  therefore, 
that  the  power  of  resisting  the  dangerous  influence  varies,  and  that 
predisposition  to  suffer  may  be  caused  bj  the  conditions  which  also 
induce  an  attack. 

It  is  not  during  exposure  to  the  abnormal  conditions,  but  on 
returning  to  the  normal  atmospheric  pressure,  that  the  symptoms 
come  on ;  often  immediately,  and  always  within  half  an  hour  or  at 
most  an  hour  of  the  return  to  the  surface.  The  onset  is  usually 
preceded  by  other  symptoms,  and  especially  by  pains  in  the  ears  and 
in  the  joints.  The  latter  is  very  common,  and  occurs  after  a  much 
slighter  degree  of  exposure  than  is  needed  to  produce  paralysis. 
They  are  felt  chiefly  in  the  larger  joints,  and  may  continue  for  daji 
and  eyen  longer.    Yery  rarely  there  is  also  swelling  of  the  joints. 

It  is  important  to  note  the  conditions  under  which  the  symptoms 
come  on.  Not  only  do  those  who  are  unused  to  such  work  seem 
especially  liable  to  suffer,  but  there  are  also  considerable  individual 
variations  in  the  degree  of  liability. 

Paraplegia  or  hemiplegia  may  occur,  but  the  former  is  &r  more 
common.    The  onset  of  the  paralysis  is  sudden.    The  legs  feel  heayj 
and  are  found  to  be  weak,  and  in  a  few  minutes  the  patient  is  unable 
to  move  them.     Sensation  is  often  lost  as  well  as  motion,  and  in  all 
severe  cases  the  sphincters  are  affected.      Tbe  arms  are  seldom 
involved.     In  slight  cases  the  loss  of  power  is  incomplete,  and  one 
leg  may  be  more  affected  than  the  other.     The  impairment  of  sensa- 
tion is  often  imperfect  or  irregular.     If  the  paralysis  is  incomplete 
the  power  may  return  in  the  course  of  a  few  days,  but  in  severe  cases 
tbe  palsy  usually  lasts  for  weeks  or  even  months,  and  it  may  be 
permanent.     Death  may  occur  at  the  end  of  a  week  or  more,  in  the 
same  way  and  from  the  same  causes  as  in  acute  myelitis.     When  the 
paralysis  is   hemiplegic   it  is  generally   moderate  in  severity  and 
transient,  passing  off  in  a  few  hours  or  days.    It  may  be  even  still 
more  brief,  as  in  the  case  referred  to  above,  in  which  a  diver,  after 
half  an  hour's  work  ninety-six  feet  below  the  surface,  suddenly  felt 
tingling  across  his  loins,  and  that  his  right  arm  and  leg  were  ^most 
powerless ;  in  half  an  hour  he  had  recovered  sufficiently  to  walk  home. 
If  cerebral  symptoms  are  more  intense,  they  are  generally  very  severe, 
with  sudden  loss  of  consciousness,  continuing  as  deep  coma,  irregular 
breathing,  and  indications  of  cardiac  paralysis.     Such  cases  usoallj 
end  in  death  in  the  course  of  a  few  hours. 

Patholoot. — The  most  probable  explanation  of  these  cases  ascribei 
them  to  the  escape  from  the  blood  of  gases,  with  which  it  has  become 
charged  during  the  exposure  to  the  high  pressure.  It  is  certain  that 
a  great  excess  of  gas  must  be  dissolved  in  the  blood  daring  the  expo- 
sure, and  that  the  amount,  at  least  of  oxygen  and  of  carbonic  add, 
contained  in  the  blood  when  tbe  person  emerges  from  the  caiseon  most 
be  vastly  greater  than  normal.     It  must^  moreover,  be  greater  the 
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longer  has  been  the  exposure,  since  the  absorption  of  the  excess  will 
be  a  gradual  process,  taking  place  through  the  lungs  in  respiratioa, 
but  it  will  be  more  rapid  as  the  pressure  is  greater.  These  conditions 
agree  with  observed  facts.  After  returning  to  the  normal  atmospheric 
pressure,  the  excess  of  gas  probablj  passes  off  gradually  by  the  lungs 
in  most  instances ;  but  if  extreme,  gas  may  escape  from  the  blood 
within  the  body.  The  occurrence  of  this  has  been  proved  experiment* 
ally  (Hoppe-Seyler  and  P.  Bert).  Gas,  so  escaping,  is  no  doubt 
quickly  reabsorbed,  but  must  exert  a  pressure  capable  of  arresting  the 
function  of  the  structures  of  the  nervous  system.  If  abundant,  it 
may  conceivably  rupture  these.  Further,  the  special  effect  on  the 
nerve-centres  may  be  connected  with  the  position  of  these  within 
cavities  that  are  practically  closed.  These  conditions,  coupled  with 
the  extremely  circuitous  course  of  the  blood  from  the  cord,  may 
explain  the  incidence  of  the  effects  on  the  nervous  system. 

The  few  ascertained  facts  harmonise  with  this  pathology.  Such 
escape  of  gas  has  been  proved  to  result  from  diminution  of  the 
atmospheric  pressure.*  In  many  cases  no  visible  lesions  have  been 
found,  and  it  is  obvious  that  gas,  widely  effused,  may  exert  dangerous 
pressure,  and  yet  may  be  speedily  removed,  so  that  no  indication  may 
remain  of  the  cause  that  has  completely  arrested  function. 

It  was  once  thought  that  the  symptoms  were  due  to  local  hsBmor- 
rhages,  but  extravasations  are  seldom  met  with,  even  in  the  results  of 
experiment,  and  it  is  certain  that  they  take  but  a  trifling  part  in  the 
production  of  symptoms.  The  only  positive  pathological  observation 
agrees  with  the  opinions  above  stated.  Leydenf  found  (in  a  case  of 
characteristic  paraplegia)  small  irregular  fissures  in  the  mid-dorsal 
region,  chiefly  within  the  posterior  and  hinder  parts  of  the  lateral 
column.  The  fissures  were  filled  with  round-cells,  but  contained  no 
red  blood-corpuscles,  and  from  their  well-defined  edges  they  were  cer- 
tainly not  produced  by  the  infiltration  of  the  cells  found  within  them. 
The  only  explanation  that  is  satisfactory,  or  in  any  harmony  with 
their  features,  is  that  they  were  produced  by  the  sudden  escape  of  g^aa, 
and  were  afterwards  occupied  by  the  round-cells.  The  physical 
firmness  of  the  cord  is  far  less  in  the  dorsal  region  than  in  the  en- 
largements; and  probably,  as  Ley  den  suggests,  this  is  the  reason  why 
the  dorsal  region  sufiers  structural  damage  from  the  esc<4)e  of  gas 
more  than  other  parts.  It  is  evident,  however,  that  such  escape  may 
occur,  in  the  brain,  for  instance,  even  to  a  fatal  degree,  and  leave  no 
traces  unless  it  occurs  so  rapidly  as  to  cause  laceration  of  the  tissue. 
The  absence  of  hsemorrhage  of  the  ordinary  character  may  be  further 
explained  by  the  fact  that  the  effused  air  will  resist  the  effusion  of 
blood.  Some  other  anomalous  features,  such  as  the  transient  cha- 
racter of  the  symptoms  in  some  cases,  are  also  explained  by  the  peculiar 
nature  of  the  lesion,  which  may  exert  a  wide-spread  and  considerable 

•  Hoppe-Seyler,  •M&ller's  Archiv,'  1887;  P.  Bert, '  Com ptet  Rend.,'  1871-& 
t  « Arch.  f.  P^ych.,'  iz.  Heft  & 
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influence,  and  in  a  abort  time  may  have  vanished  by  tbe  reabsorption 
of  the  compressing  air.  Haemorrhage  must  be  regarded  as  an  acci* 
dental  consequence,  and  even  tbe  production  of  such  fissurea  as  were 
found  by  Leyden  may  not  be  a  necessary  part  of  tbe  lesion,  even  in 
grave  cases.  The  mechanical  effects  of  the  gas  may  be  considerable, 
and  arrest  tbe  function  of  the  nerve-elementa,  without  the  passage  of 
the  gas  outside  the  capillary  vessels. 

The  fact  that  the  spinal  cord  suffers  more  than  other  organs  ua? 
l>e  pai*tly  due  to  the  plexuses  through  which  the  blood  can  return  only 
slowly  to  the  lungs,  where  its  relief  from  the  surcharge  of  gas  is  effected. 
Tbe  same  considerations  apply  to  the  brain.  In  both  organs  tbe 
escape  of  air  is  more  instantly  disastrous  than  elseifvhere,  and,  mdeed, 
may  not  only  occur,  but  act  in  a  peculiar  way,  on  account  of  the  posi- 
tion of  the  organs  within  chambers  that  are,  to  a  large  degree,  closed. 
The  conditions  are  too  complex  to  permit  us  to  follow  them  in  detail, 
or  analyse  fully  the  mechanisms  that  determine  the  effect  on  tbe 
nerve-centres.  The  escape  of  the  excess  of  gas  in  the  lungs  can  only 
take  place  gradually,  as  successive  quantities  of  the  surcharged  blood 
pass  through  the  capillaries  of  the  air-cells.  If,  in  consequence  of  tbe 
slowness  of  the  circulation  in  the  cord,  any  escape  of  air  occurs  in  its 
capillaries,  the  effect  of  this  will  be  still  further  to  hinder  the  local 
circulation^  and  to  favour  the  further  escape  of  gas.  In  this  way  we 
are  able  to  discern  something  of  the  mechanism  which  determines  the 
special  affection  of  the  spinal  cord.  The  less  the  exterual  support  the 
less  will  be  the  resistance  to  the  escape  of  gaa,  and  the  inddenoe  of 
the  lesion  on  the  posterior  part  of  the  cord  may  be  in  part  at  lea^t 
determined  by  the  adoption  of  the  recumbent  posture  when  the  first 
symptoms  are  perceived. 

At  the  onset,  when  the  first  symptoms  are  ex]>enenoed«  it  is  probable 
that  a  return  to  a  greater  degree  of  pressure  nugbt  arrest  the  develop- 
ment of  the  mischief.  It  is  certain  that,  in  all  cases  of  exposure  to  a 
high  degree  of  pressure,  the  transition  to  the  normal  pressure  should 
be  made  giudually.  When  developed  symptoms  indicate  that  a 
definite  lesion  of  the  cord  has  occurred,  the  further  treatment  must 
be  conducted  on  the  same  principles  as  in  acute  mjelitia — the  morbid 
process  that  has,  in  fact,  been  set  up. 


HEMORRHAGE   INTO  THE  SPIXAL  COED; 

HEMATO-MYELIA. 

Primary  haemorrhage  into  the  spinal  eord,  snfficieBt  to  cuse  sjn- 
ptoms,  is  a  very  rare  disease,  and  it  is  even  mora  imie  tkaa  is  snggeiied 
by  the  cases  now  and  then  recorded  as  such.  We  ka^re  already  teen 
that  haemorrhuge  may  accompany  myelitis ;  a 
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tion  may  occur  when  the  inflammation  is  only  commencing,  daring  the 
state  of  congestion,  and  while  the  symptoms  are  slight.  Sach  oases 
are  easily  mistaken  for  primary  hsemorrhage.  The  risk  of  error  is  not 
always  remoTed  by  pathological  examination.  Inflammation  results 
from  hflsmorrhage,  and  when  indications  of  myelitis  are  found  about 
a  clot»  it  may  be  impossible  to  say  whether  these  are  primary  or 
secondary.  It  is  probable  that  many  cases  of  secondary  myelitic 
hemorrhage  haye  been  regarded  and  described  as  primary,  and  it  is 
possible  that  a  few  cases  of  primary  hsemorrhage  have  been  regarded 
as  secondary.  One  writer,  Hayem,*  goes  so  far  as  to  deny  the  occur- 
rence of  primary  non-traumatic  haemorrhage ;  but  such  an  exduslTe 
Tiew  is  unwarranted.  It  is  certain,  howeyer,  that  the  history  of 
primary  hemorrhage  has  been  largely  written  from  uncertain  data» 
and  will  need  extensiye  revision  when  a  sufficient  number  of  exact 
obseryations  have  accumulated. 

Etioloot. — The  rarity  of  hsemorrhage  into  the  cord  is  especially 
g^reat  in  comparison  with  the  frequency  of  hsemorrhage  into  the  brain. 
The  difference  probably  depends  on  the  tortuous  and  long  course  of 
the  arterial  path  to  the  cord,  whereby  the  vessels  are  preserved  from 
the  high  pressure  which  is  the  chief  cause  of  the  degeneration,  dilata- 
tiont  and  rupture  of  the  cerebral  arteries.  Miliary  aneurisms  are  not 
found  within  the  spinal  cord.  Hsemorrhage  is  ffu:  more  common  in 
males  than  in  females.  It  may  occur  at  any  age,  and  has  been  met 
with  in  young  children,  even  so  early  as  seven  month8,t  while  some  of 
the  subjects  have  been  in  advanced  life;  but  it  is  most  common 
between  twenty  and  forty,  t.  e.  during  the  first  half  of  adult  life. 
Many  cases  occur  in  young  adults  apart  from  injury  or  obvious 
exciting  cause,  and  apart  also  from  initial  myelitis,  which  accounts, 
however,  for  some  of  the  cases.  It  has  been  met  with  as  a  oonse> 
quence  of  a  hsemorrhagic  tendency,  as  in  a  case  in  which  it  succeeded 
severe  epistaxis,  to  which  the  patient,  a  young  man  of  twenty*four, 
was  liable.  ^ 

Of  immediate  causes,  injury  is  the  most  frequent,  especially  falls 
which  involve  a  severe  concussion  of  the  spine ;  the  spinal  column  may 
or  may  not  be  injured  at  the  same  time.  Over-exertion  and  exposure 
to  cold  have  in  rare  cases  preceded  the  onset.  Chronic  alcoholism  and 
sexual  excess  have  been  thought  to  predispose.  In  one  case  within 
my  knowledge,  an  extensive  hsemorrhage  into  the  g^ey  substance  at 
the  top  of  the  lumbar  enlargement  resulted  from  coitus  four  times 
repeated,  the  symptoms  commencing  suddenly  during  the  fourth  act. 
Minute  extravasations  are  often  found  after  death  from  diseases  which 

•  *  Den  H^morrhagies  intra-racliidiennef,*  Paris,  1872. 

t  Clifford  AUbatt,  '  Lancet,'  1870,  vol.  ii,  p.  84.  Namerona  hnmorrhagea  were 
dbaenred  ia  tbe  frrey  matter  of  tbe  lumbar  and  cervical  enlargemeiita  (probably 
polio-myelitic,  but  occurring  tbe  day  after  a  fall)  in  a  child  of  four  by  Cbaffey 
(*  Path.  Trans./  1886). 

X  Sinclair, '  Lancet,'  1885,  ii,  p.  1043. 
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interfere  witb  respiration  and  cause  Tenons  congestion,  and  thej  aiB 
especially  frequent  in  maladies  which,  at  the  same  time,  cause  fane- 
tional  excitement  of  the  cord,  as  tetanus  and  all  seyere  conTolsiong. 
Tbej  cause  no  symptoms,  and  are  probably  produced  during  the  lait 
moments  of  life.  They  hare  been  termed  "  aeeessary**  The  diseases 
of  the  cord  that  lead  to  secondary  heemorrhage  are  chiefly  inflamma- 
tion, tumours,  and  cavities  in  the  cord.  The  last-named  condition  is 
especially  important.  It  is  probable  that  hsemorrhage  occurs  more 
readily  in  spinal  cords  that  contain  a  congenital  cavity  or  fissure,  doe 
to  an  arrest  of  development,  and  surrounded  by  embryonal  neuroglial 
tissue.  Hence  this  condition  will  be  found  in  disproportionate  {r»> 
quency  in  cases  of  hsemorrhage. 

Pathological  Anatomt. — The  minute  extravasations  just  men- 
tioned, as  met  with  after  asphyxial  and  convulsive  diseases,  are  found 
in  both  the  grey  and  white  substance,  but  especially  in  the  former. 
They  are  usually  microscopic,  or  visible  to  the  naked  eye  as  minute 
red  points,  distinguishable  from   distended  vessels  only   by  their 
slighter  resistance  to  a  stream  of  water.     The  extravasation  maj 
occupy  the  perivascular  sheath,  or  the  cavity  in  which  the  vessel  lies, 
or  extend  between  the  nerve-elements.      The  larger  non-traumatio 
haemorrhages,  which   cause  symptoms,  always  begin    in   the  grej 
substance,  and  are  often  confined  to  it,  extending  into  the  white 
columns  only  when  large  in  size.     The  vessels  of  the  grey  substance 
are  more  numerous  than  those  of  the  white,  have  less  external  support, 
and   prol)ably  undergo  more  considerable  changes  in  state.     The 
effusion  forms  a  cavity  in  the  cord,  sometimes  rounded,  sometimes 
irregular,  in  transverse  section,  and  half  an  inch  or  more  in  vertical 
extent.     The  cord  is  enlarged  at  the  seat  of  the  hsemorrhage,  and 
this  may  be  visible  externally  as  a  dark  swelling  the  size  of  a  nut  or 
a  bean.     Very  rarely  the  hsemorrhage  tears  the  layer  of  cord  which 
limits  it,  and  blood,  usually  only  in  small  quantity,  escapes  into  the 
membranes.     The  tissue  adjacent  to  the  clot  is  usually  broken  down, 
stained,  and  softened,  and  inflammatory  changes  may  be  recognised 
in  it  with  the  microscope,  just  as  in  the  neighbourhood  of  hsemor- 
rhages  into  the  brain.     As  in  the  latter,  the  efi'used  blood  slowlj 
undergoes  changes  in  tint,  becoming  first  rusty  and  then  yellow,  and 
ultimately  a  cyst  may  remain.     Several  extravasations  may  coexist, 
usually  in  the  same   part  of  the  cord.     In  contrast  to  this  focd 
hsemorrhage  there  may  be  an  infiltration  of  the  g^y  matter  with 
])unctiform  extravasations,  which  may  appear,  until  closely  examined, 
to  be  a  single  LsemorrhsLge.     The  tissue  between  these  small  extra- 
vasations is  broken  down.     It  is  probable  that  this  form  is  alwajs 
secondary  to  myelitis,  as  in  the  case  mentioned  in  the  foot-note  on 
p.  891.     In  such  secondary  cases  a  careful  microscopical  examination 
usually  reveals  indications  of  inflammation  much  more  extensive  than 
t  he  area  affected  by  the  hsemorrhage.     A  growth  into  which  hsmor- 
rhage  occurs  is  usually  a  glioma,  unaffected  parta  of  which  will  be 
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foand  iu  the  neigbbourliood  of  the  extraTaBation.  The  cayities  in  the 
oord  into  which  blood  maj  escape  are  sometimes  of  considerable 
rertical  extent.  I  hare  known  a  fissure  in  the  posterior  column  to  be 
filled  with  blood  through  almost  the  whole  length  of  the  cord.  This 
condition  thus  farours  both  the  occurrence  and  the  extension  of 
luemorrhage. 

Symptoms. — Slight  symptoms,  *'  prodromata,"  have  been  observed 
in  some  cases,  chiefly  in  the  form  of  trifling  sensory  disturbance, 
tingling,  Ac.,  in  the  limbs  afterwards  paralysed.  They  have  existed 
for  a  few  hours  or  days,  or  eyen  for  two  or  three  weeks  before  the 
onset.  It  is  probable,  howeyer,  that  these  haye  been  cases  of  secon- 
dary myelitic  hflsmorrhage,  and  that  there  are  no  premonitory 
symptoms  in  primary  extrayasations.  The  actual  onset  is  always 
sudden ;  the  symptoms  attain  a  considerable  degree  in  the  course  of 
a  few  minutes,  but  they  sometimes  increase  during  one  or  two  hours, 
when  the  hs^morrhage  is  from  a  small  yessel  and  slowly  increases  in 
■lie — ^probably  augmented  by  the  rupture  of  other  yessels  which  are 
torn  in  the  tissue  lacerated  by  the  blood.  Occasionally  there  has 
been  transient  loss  of  consciousness  without  any  cerebral  lesion,  pro- 
bably from  the  upward  influence  of  the  shock.  Barely  the  onset  has 
been  by  a  series  of  sudden  augmentations  of  the  symptoms.  Some- 
times the  symptoms  come  on  during  sleep.  The  suddenness  of  the 
onset  is  the  characteristic  of  the  disease. 

The  symptoms  which  thus  develop  yary  according  to  the  seat  and 
extent  of  the  extravasation.  In  the  majority  of  cases  there  is  para- 
plegia, complete  motor  and  sensory  paralysis  up  to  the  level  of  the 
lesion,  with  loss  of  power  over  the  sphincters.  Pain  commonly  but 
not  invariably  accompanies  the  sudden  palsy ;  it  may  be  felt  in  the 
spine  or  in  the  sacrum,  round  the  trunk,  at  the  front  of  the  thorax, 
or  at  the  epigastrium,  sometimes  seeming  to  pass  thence  through  the 
tronk  to  the  spine,  or  it  may  be  felt  in  the  legs.  If  in  the  spine  it 
is  local,  and  does  not  extend  through  a  considerable  length  of  the 
spine,  as  in  meningeal  hsemorrhage,  and  there  is  not  the  initial  spasm 
and  rigidity  which  characterise  the  latter  disease.  This  pain  may 
precede  the  palsy,  even  for  half  an  hour  or  an  hour ;  it  begins  suddenly, 
and  is  no  doubt  due  to  the  first  slight  extravasation,  which  afterwards 
increases  (when  some  resistance  yields),  and  effects  the  compression 
that  produces  the  paralysis.  Thus  a  girl  aged  fifteen  was  seized 
with  sudden  sharp  pain,  referred  to  the  sternum  at  the  mammary 
level,  and  to  the  corresponding  region  of  the  spine ;  this  continued 
for  half  an  hour,  when  the  legs  suddenly  became  powerless  and  insen- 
sitive. It  is  highly  probable  that,  when  there  is  such  initial  medial 
or  bilateral  pain,  the  haemorrhage  occurs  in  the  central  r^on  of  the 
grey  matter,  perhaps  from  one  of  the  commissural  or  anastomotic 
arteries  (see  p.  188),  and  that  the  pain  is  due  to  the  irritation  of  the 
fibres  of  the  posterior  commissure,  in  which  the  paths  for  pain  cross 
the  middle  line.    The  spinal  column  may  be  tender  opposite  the 
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affected  spot.  Usually  the  paralysed  muacles  are  relaxed.  Some- 
times they  are  the  seat  of  early  clonic  contractions,  or  these  maj 
come  on  a  few  days  after  the  onset  When  the  hemorrhage  is  in  the 
cervical  region  all  the  limbs  are  powerless ;  one  arm  is  often  affected 
before  the  other.  The  state  of  reflex  action  Taries  according  to  the 
seat  of  the  disease ;  if  it  is  at  first  abolished  it  qnickly  returns  in  the 
legs  (unless  the  hsemorrhage  is  in  the  lumbar  enlargement),  and  it 
soou  becomes  excessive  unless  destroyed  by  secondary  myelitis— s 
not  unfrequent  consequence.  In  one  case  there  was  a  remarkable 
initial  increase  of  myotatio  irritability  a  few  hours  after  the  onset, 
probably  irritative,  and  quickly  giving  place  to  loss.*  Yaso-motor 
and  trophic  changes  in  the  skin  are  common  and  often  intense ;  there 
is  often  vascular  dilatation ;  bedsores  readily  form,  and  cystitis  maj 
result.  Frequently  the  secretion  of  sweat  is  increased  for  a  time. 
The  temperature  is  normal  at  the  onset,  but  it  generally  rises  in  the 
course  of  a  few  days  from  secondary  inflammation  in  the  cord. 

The  palsy  developed  at  the  onset  usually  continues  for  a  week  or 
ten  days,  although  the  pain  may  lessen.  The  symptoms  do  not  alwaji 
increase  during  the  stage  of  inflammation,  perhaps  because  Uus  onlj 
involves  the  structures  which  are  already  impaired  by  pressure;  bat  if 
the  patient  has  been  brought  near  to  death  by  the  primary  hsBmor* 
rhage,  the  secondary  inflammation  may  end  life.  Occasionally,  more- 
over, symptoms  of  an  ascending  or  descending  myelitis  may  come  on, 
and  the  former  may  cause  death  by  its  interference  with  the  mnsclee 
of  respiration.  This  extension  is  greatest  probably  in  cases  of 
myelitic  hsemorrhage,  in  which  the  extravasation  is  merely  an  incident 
in  the  course  of  a  commencing  inflammation,  but  it  seems  also  to  occur 
in  cases  of  primary  haemorrhage.  The  slow  extension  upwards  of  the 
symptoms,  during  the  first  week,  may  be  very  distinct ;  and  the  occur- 
rence of  descending  inflammation  may  be  shown  by  the  loss  of  reflex 
action  and  by  the  failure  of  electric  irritability  in  the  muscles,  sometimes 
only  in  those  supplied  from  the  upper  part  of  the  lumbar  enlargement. 

The  symptoms  pass  into  a  chronic  stage,  improvement  being  usually 
slow.     Some  lasting  loss  of  power  remains  in  most  cases,  and  there  is 
often  some  permanent  muscular  wasting  on  account  of  the  frequency 
with  which  the  hsemorrhage  is  in  the  cervical  or  lumbar  grey  matter. 
Occasionally  there  is  rapid  recovery  up  to  a  certain  point ;  a  hsemor-    " 
rhage  of  small  size  may  abolish  conduction  in  the  white  columns  by  "^ 
the  suddenness  with  which  it  compresses  them,  and  the  effects  of  the^^ 
pressure  may  quickly  pass  away,  while  those  remain  that  are  due  to^ 
the  destruction  of  the  grey  matter. 

Diagnosis. — The  diagnosis  rests  on  the  actually  sudden  onset  o; 
the  symptoms,  and  on  the  occurrence  of  pain,  in  a  limited  region, 
part  of  these.      The  former  is  evidence  of  a  vascular  lesion  (ruptur^^ 
or  closure),  and  the  latter  shows  an  acute  irritation  of  the  nervi 
elements,  such  as  may  be  produced  by  their  laceration,  but  not  b^ 

*  SincUir,  loc  cit. 
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mere  deprivation  of  blood.  It  must  be  remembered,  bowever,  that 
we  cannot  assume  that  symptoms  which  come  on  during  the  night's 
sleep  are  of  sudden  onset.  Neglect  of  this  consideration  sometimes 
eanses  a  mistake  in  diagnosis.  The  mode  of  onset  is  a  sufficient 
distioction  from  all  other  organic  diseases,  except  haemorrhagio 
mjelitis  and  meningeal  haemorrhage.  The  former  (really  a  yarietj 
of  hemorrhage)  is  distinguished  by  the  existence  of  slight  symptoms 
before  the  sudden  attack.  We  are  not  justified  in  regarding  as 
primary  hemorrhage  any  case  in  which  premonitory  symptoms  existed 
for  more  than  a  few  minutes,  unless  such  symptoms  were  so  pro- 
nonnced  and  sudden  in  onset  that  they  might  haye  been  due  to  a 
definite  extrayasation,  afterwards  increasing.  Initial  feyer  (within 
the  first  six  hours)  always  makes  myelitis  probable,  provided  there 
is  no  other  cause  for  it.  The  distinction  from  meningeal  haemorrhage 
has  been  mentioned  in  the  account  of  the  symptoms,  and  in  the 
description  of  that  disease. 

Pboonosis. — In  all  cases  in  which  the  symptoms  are  considerable  in 
degree  or  wide  in  range,  the  danger  to  life  is  great,  and  remains  great 
untd  they  begin  to  subside.  The  prognosis  is  better  when  the  disease 
is  in  the  dorsal  region  than  when  it  is  in  the  enlargements,  for  the 
same  causes  as  influence  the  prognosis  in  myelitis.  It  is  better  when 
sensation  returns  in  the  course  of  a  few  days,  but  if  the  enlargements 
are  affected  other  sources  of  danger  remain  considerable.  Early 
trophic  changes  also  render  the  prognosis  worse,  for  they  show  an  inten* 
sity  of  degree  that  may  inyolve  grave  danger.  After  the  onset  is  over, 
the  forecast  must  be  guided  by  the  general  principles  that  determine 
the  prognosis  in  acute  myelitis. 

TacATUENT. — The  treatment  of  hemorrhage  into  the  sul>8tanoe  of 
the  cord  is  the  same  as  that  of  haemorrhage  into  the  membranes 
(p.  295).  The  measures  requisite  are  few,  simple,  and  all-important. 
Absolute  rest  and  the  prone  position  are  to  be  secured  before  anything 
else  is  thought  of.  Ice  should  be  applied  to  the  spine  over  the  seat  of 
the  hemorrhage.  The  bowels  should  be  opened  freely,  and  full  doses 
of  ergot  or  ergotin  may  be  given :  5ss  of  the  liquid  extract  or  five 
grains  of  ergotin  may  be  given  by  the  mouth,  or  three  grains  of  ergotin 
may  be  injected  under  the  skin,  and  the  dose  may  be  repeated  two  or 
three  times,  at  intervals  of  two  hours.  A  few  large  doses  are  probably 
more  effectual  than  smaller  doses  continued  for  a  longer  time,  since 
the  hemorrhage  probably  does  not  go  on  for  long.  The  after- 
treatment  must  be  that  for  myelitis.  The  disease  is  one  of  those  in 
which  most  of  t*  e  good  that  can  be  done  by  treatment — and  in  few 
diseases  is  the  opportunity  more  urgent — rests  with  those  in  whose 
hands  the  patient  is  immediately  after  the  onset. 
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DEOENEBATIONS  OF  THE  SPINAL  COED. 

A]&Tge  and  importaat  class  of  diseases  of  the  spin^^l  curd  ooiuiBUot 
tliose  in  wliich  there  is  a  sluw  Jegeuemtion  of  the  nerve-elemeats, 
an  overgrowth  of  counective  tissue,  and  in  which  structures  are ; 
that  bave  a  common  function,  while  others  that  have  a  diSei 
function  escape  even  when  thej  are  adjacent  to  ihe  elements  that  are 
diseased.  Affecting  thus  functional  "  sjralems."  they  are  termed 
"system  diseases."  This  term  has  been  used  in  aeverul  senses,  more 
or  less  special  (eren  based  on  the  developmeutal  relations  of  the 
structures),  and  hence  the  question  whether  a  given  malad/  is  a 
"  system  disease  "  or  not,  ia  one  to  which  various  answers  have  been 
given.  The  term  is  here  used  in  its  widest  and  simplest  sense,  as 
meaning  an  affection  of  the  atrueturea  tLat  have  a  function  either 
same,  or  so  far  allied  that  they  work  together  as  parts  of 
distinguishable  as  such  from  otlier  sets  of  sttucturea. 
disease"  mnj  involve  alt  the  strup.-mres  of  the  system,  or  only  some  or 
one  of  them;  its  chief  disUaction  is  from  a  random  disease  tliat 
involves  structures  irrespective  of  fupction — merely,  for  instance^ 
because  they  are  contiguous,  or  supplied  by  the  same  artery. 

In  "  system  diseases,"  tbe  primary  change  is,  as  a  rule,  in  tha 
nerve- elements,  and  the  ovcrgi^>wth  of  interstitial  tissue  is  secondary. 
The  process  is  analogous  to  that  which  occurs  iu  the  secoudarj 
degeneration  of  nerve-fibres,  in  which  the  first  change  is  certainly  in 
the  nerve- elements,  the  destruction  of  which  is  followed  by  an  over- 
growth of  nuclei  and  supporting  tissue,  amounting  ultimately  to 
a  "  sclerosis,"  as  it  is  termed.  The  process  is  by  some  regarded  aa  a 
chronic  parenehymntuus  inflammation,  an  inflammation  begianing  in 
the  proper  functional  elements  of  the  organ,  but  it  seems  undesirable 
thus  to  widen  and  loosen  our  conception  of  inflammation  ;  so  far  as 
the  process  is  cuncerned  the  questiou  is  one  of  nanie  rather  than  of 

Another  question  of  much  greater  interest  is  the  relation  of  tbe  two 
elements  iu  the  process,  the  wasting  and  the  growth,  tbeatruphv  of  tbe 
nerve-tissue,  the  hypertrophy  of  the  connective  tissue.  The  failure  of 
nutritiou  in  the  one  causes  an  increased  energy  of  nutrition  in  the 
other.  We  have  seen  this  relation  in  the  nerve-fibres.  The  degene- 
ration of  a  fibre  is  attended  by  an  active  growth  of  its  nnclei  and 
protoplasm.  The  nutrition  of  the  two  elements,  the  neural  and  the 
adventitial,  is  evidently  connected  in  the  closest  manner,  hut  in  inverse 
course.  It  is  important  to  recognise  the  fact  that  the  process  of 
growth  of  the  counective-tissue  elements  is  an  active  manifestation  of 
nutritional  energy,  which,  when  once  excited,  may  be  to  some  extent 
independent  of  its  cause.  It  may,  when  very  active,  pass  beyond  iu 
proportional   limits,  and   be  greater  than  corres]>oiids   to  the  nerve 


LOCOMOTOR  ATAXY,  397 

atrophj  that  causes  it ;  invading  adjacent  structures  as  if  an  independ- 
ent process.  It  may,  when  very  rapid,  hare  some  of  the  characters 
of  an  interstitial  inflammation,  and  even  an  acute  inflammation. 
Sach  excess  is  quite  unusual ;  as  a  rule  the  secondary  process  is  sub- 
ordinate and  proportioned  to  the  primary  change. 

These  degenerative  diseases  fall  into  certain  types  so  far  as  the  spinal 
cord  is  concerned,  but  they  are  subject  to  some  variety  of  combina- 
tion even  there,  and  to  great  diversity  of  association  with  degenerative 
changes  elsewhere.  The  affection  of  the  cord  is  of  either  the  sensory 
or  the  motor  elements,  or  both.  The  type  of  the  former  is  tabes ;  of 
the  latter,  either  spastic  paraplegia  or  muscular  atrophy,  according  as 
the  lower  segment  at  the  motor  path  is  affected  or  free.  Other  com- 
binations of  affection  will  be  better  understood  when  the  diseases  are 
described. 

The  d^enerative  diseases  are  not  numerous,  but  they  are  of  great 
importance.  They  are  degeneration  of  the  anterior  comua  and  anterior 
root-fibres,  causing  muscular  atrophy ;  degeneration  of  the  posterior 
columns  and  posterior  root-fibres,  causing  locomotor  ataxy;  and 
degeneration  of  the  pyramidal  tracts,  causing  spastic  paraplegia,  a 
disease  the  exact  pathological  position  of  which  is  not  quite  certain. 
These  degenerations  may  be  variously  combined,  and  some  combina- 
tions need  sepai*ate  description. 


LOCOMOTOR  ATAXY;  TABES  DORSALIS. 

The  malady  thus  named  is  the  most  common  chronic  disease  of  the 
spinal  cord.  It  consists  in  a  degeneration  in  the  posterior  columns  of 
the  spinal  cord,  or  the  peripheral  sensory  nerves,  or  both,  and  is  mani- 
fested, when  considerable,  by  inco-ordination  of  movement,  peculiar 
pains,  defective  sensibility,  and  loss  of  the  myotatic  irritability  (muscle- 
reflex  action),  of  which  the  knee-jerk  is  the  most  convenient  manifes- 
tation. When  slight  in  degree,  the  symptoms  may  be  limited  to  the 
pains  and  the  loss  of  the  knee-jerk.  The  name  ''  locomotor  ataxy  " 
-was  given  to  the  disease  by  Duchenne ;  '*  tabes  dorsalis,"  or  *'  wasting 
of  the  back,"  is  a  term  applied  by  Hippocrates  to  certain  symptoms 
supposed  to  be  due  to  venereal  excess,  and  long  ago  limited  in  Germany 
to  symptoms  believed  to  depend  on  atrophy  of  the  spinal  cord.  It 
then  included  all  chronic  paraplegias,  but  was  further  restricted  to 
this  disease  by  Romberg.  It  has  lately  obtained  wider  use  on  account 
of  the  discovery  that  inco-ordination  may  be  absent  when  the  disease 
is  slight  in  degree. 

The  symptoms  vary  much  in  different  cases.    Besides  the  varieties 
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thus  prodii<'od,  there  are  two  allied  affections  that  ought  not  to  be 
classed  with  it.  Oae  is  the  so-called  "  hereditary  ataxy."  The  other 
is  that  in  which  hoth  weakness  and  inco-ordination  co-exist  from  the 
first;  "ataxic  paraplegia"  it  may  be  called.  Each  differs  from  other 
varieties  with  sufficient  constancy  to  merit  separate  consideration. 
These  varieties  are  not  included  in  the  following  account. 

History. — The  inco-ordination  of  movement  and  other  symptoms 
of  the  disease  were  frequently  noted,  during  the  first  third  of  this 
century,  in  oases  of  disease  of  the  8[)inal  cord,  but  such  cases  were  not 
distinguished  from  those  with  actual  loss  of  power.     The  inco-ordina. 
tion  was  found  to  be  associated  with  disi*ase  of  the  posterior  colnmoi 
hy  Stanley.*    The  first  really  exact  account  of  the  disease  was  pab> 
lished  in  1847  by  Todd.t  who  distinguished  the  cases  with  inco-ordina. 
tion  and  without  weakness,  from  simple  paraplegia,  and,  apparentlj 
not  aware  of  Stanley's  observation,  he  inferred  (from  the  character 
of  the  symptoms  and  his  theory  that  the  posterior  columns  coatain 
fibres  connecting  segments  of  the  cord  at  different  levels)  that  the 
]>i>sterior  columns  would  be  found  diseased  ;    and   he   verifitni  this 
inference  by  fiiidiug  in  two  oases  disease  of  these  columns.     The  credit 
of  the  discovery  of  the  disease  belongs,  if  to  anyone,  unquestionablT 
to  Todd,  and  few  diseases  can  with  greater  truth  be  said  to  havebea 
*' discovered.**     Four  years  later  (in  1851)  Romberg  described  the 
disease  and  the  lesion  in  the  posterior  colnmns,  bat  he  failed  to  exclude 
loss  ot  power  from  the  symptoms.     Russell  Reynolds,  in  1855.  gaT« 
an  accurate   description  oi  the  symptoms,  and,  in  attribotin:?  the 
.itaxy  to  nius<:ular  aiia^sthesia.  was  the  first  to  give  what  we  must  nuv 
regard  as  the  :me  eip;a::.i::on  of  the  ohi-f  srmptom.*     A.  series  <H 
■:ise6  was  descn?^^  by  G'jll  in  l^oo  and  ISo?.      Tuick  first  obserriBd 
'virh   ::ie   mrcnjsoJL>e   :he  wasting  oc    the   dbnfs   m   the  po«t«riar 
coiunuLk     Du'jaeoDe  i=.   l>>>-9  p'ibIL4n*e«i  %n.  in^lepeailent  and  t^tt 
^ble  analysis  -.•£  zha  syspcoms  of  the  'iiseikse.  and  <zave  it  the  name 
*■  loco uxu tor  ACaxy  "     H^  -OtAise^i  £.»r  i^  ;  wizk  the  help  of  TroaaBeaii.''» 
^  Lec(iu«»  " !  the  r^o.  ^ri-^:a  t^£  previous  •iescripcions  had  ±iiLed  "U 
^*:^uxe»  ^ftud  jM:iii<fv*r«i  «::^:3  a  i-e^ree  of  suceess  tiias   the    maia^ir      Ss 
u..ed  Ml  Fri:i<.-«^.  T*  .'ilitinaa' i  i:^:T&je.     If  anv  name  is  acta&ihed  tt>      ' 
•iiafi  oi  r.^»i«i  x.'.an  ria  re  'iisn*- 

OjLV:>as*..  —  T'itf   i.^'Mfttde  :i  3i2Li  arore  fr^juent,  in  diis  'Wuntrv 
*.  iaaC*  .n    ir*ja»i  'aiki  rurv*  ?»j:«i'ttr-:nj>>     Liiiented  mtfnitiiH*  i^  to 
'  ■.'^t:d  jMi.y  Jt  A  imaJ.  7^70.  rinja  }i  tiie  'sses.  periiaDs  in  ooc  mc^ 
.  Liaa  I J  T^r  .-^uc     I".  j»  ts^iiLjr  k  ^sc^rai  Hffur^icic  heredity,  maninst^ 
y  »aca  i:a«ruHse>  *a^  j^mti^.  r?f lafpiry.  iod  Jtaar  'iegenisacive 
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it  the  nerrouB  sjstem.  Instanoes  of  this  are — &ther  epileptic; 
iftther  insane ;  two  sisters  insane.  Direct  inheritance  of  the  disease 
s  extiesiolj  rare  (the  special  hereditary  form  being  always  excluded). 
k  boy  with  distinct  symptoms  and  optic  nerve  atrophy  was  the  son  of 
i  man  who  presented  characteristic  indications  of  the  early  stage  of 
abes  (Bemak).  But  in  most  instances  of  this  character  the  inherit- 
uace  is  effected  by  means  of  syphilis. 

Males  suffer  far  more  frequently  than  females,  the  proportion  being 
ibout  ten  to  one,  and  this  implies  some  prodivity  inherent  in  the  male 
lex.  A  like  preponderance  of  males  obtains  in  a  disease  that  has  some 
lUiances  with  tabes — general  paralysis  of  the  insane.  The  middle 
period  of  adult  life  is  that  in  which  locomotor  ataxy  usually  commences. 
}So  less  than  half  the  cases  begin  between  thirty  and  forty,  one 
quarter  between  forty  and  fifty,  and  rather  less  than  a  quarter 
Miween  twenty  and  thirty.  It  rarely  begins  after  fifty,  but  I  have 
unoe  known  it  to  deyelop  at  sixty-six.  Under  twenty  it  is  still  more 
rmie,  but  cases  are  met  with  as  early  as  ten,  and  even  in  quite  youDg 
Bhildren,  the  subjects  of  the  cause  next  described. 

Among  the  individual  causes,  one  OTershadows  all  the  rest— the 
influence  of  syphilis.  A  very  large  proportion  of  the  sufferers  have 
bad,  at  some  previous  time,  constitutional  syphilis,  either  distinct 
lecondary  symptoms  or  an  indiirated  sore.  The  proportion  is  almost 
IS  larg^  in  the  upper  and  middle  classes  as  in  the  lower.  Of  fifty  con- 
lecotive  cases  of  the  disease  in  men,  seen  in  private  consulting  practice, 
DO  less  than  twenty-nine,  or  58  per  cent.,  gave  a  history  of  a  chancre 
known  to  be  hard,  or  of  secondary  symptoms ;  and  eight  others  had 
had  a  venereal  sore  of  unknown  nature.  In  the  lower  classes  the 
proportion  is  higher,  and  has  been  estimated  at  80  per  cent.,  or  eyen 
more.  The  ascertainable  fucts  are  certainly  below  the  real  facts,  as  I 
haTO  pointed  out  elsewhere.*  When  a  deduction  is  made  for  possible 
Mcidental  coincidence,  there  remains  at  least  one  half  of  the  cases  in 
which  numerical  coincidence  must  depend  on  causal  relationship.  It 
is  probable,  indeed,  that,  taking  all  cases,  a  causal  proportion  of  three 
quarters  would  be  nearer  the  truth.  In  women  also  antecedent  syphilis 
can  often  be  traced,  although  rather  less  frequently  than  in  men.  At 
the  same  time  the  facts  are  even  more  difficult  to  ascertain,  since  in 
married  women  syphilis  so  often  runs  a  latent  course.  But  in  the 
cases  of  tabes  that  succeed  syphilis  the  lesion  is  not  syphilitic  in  histo- 
logical character ;  it  is  as  degeneratiye  as  in  the  cases  in  which  syphilis 
oao  be  excluded,  and  it  is  not  influenced  by  the  treatment  for  syphilis. 
Hence  it  must  be  regarded  as  a  degenerative  sequel  of  syphilis  rather 
than  as  a  true  sy  philitic  disease.  It  is  probably  the  influence  of  syphilis 
that  determines  the  greater  incidence  on  the  urban  than  on  the  rural 
population,  and  the  preponderance  of  cases  in  middle  life.  Inherited 
syphilis  is  also  capable  of  causing  the  disease,  and  is  to  be  traced 
in  all  cases  in  children.     After  the  acquired  disease  the  interval 

•  "Letttomittn  Lecturei,'  1889. 
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between  primary  syphilis  and  the  first  symptoms  of  tabes  yariei  from 
one  to  twenty  years.  It  is,  howerer,  rarely  less  than  three  years,  and 
in  most  cases  it  is  between  six  and  twelye  years.  In  rare  cases  the 
first  symptoms  occur  during  the  active  stage  of  syphilis.* 

It  is  certain,  however,  that  syphilis  is  not  the  only  cause  of  the 
disease.  In  a  few  cases,  less  than  10  per  cent,  of  the  whole,  it  can  be 
excluded  with  confidence.  The  causes  operative  in  these  can  be 
traced  also  in  some  of  the  patients  who  present  a  history  of  syphilis, 
and  in  such  cases  the  causation  of  the  malady  is  probably  complex. 

One  of  these  causes,  which  can  sometimes  be  clearly  traced,  is  in. 
jury,  such  as  involves  concussion  of  the  spine.  The  immediate  results 
of  the  injury,  whether  slight  or  grave,  transient  or  lasting,  are  followed 
by  the  symptoms  of  the  degenerative  malady.  In  one  case  a  man  fell 
from  a  height  on  to  the  deck  of  a  ship ;  transient  paraplegia  resulted, 
but  six  weeks  after  the  accident  the  man  presented  extreme  ataxy,  with 
good  power,  and  no  knee-jerk  (Arnold).  I  have  known  the  symptoms 
to  develop  gradually  a  few  months  after  a  fall  from  a  horse.  Exposure 
to  cold  and  wet  has  occasionally  preceded  the  onset  so  directly  that 
it  must  be  regarded  as  a  cause.  In  other  cases  the  disease  has 
succeeded  excessive  fatigue  and  over-exertion,  and  also  certain  acute 
diseases,  especially  (it  is  said)  acute  rheumatism  and  typhoid  fever; 
it  follows  diphtheria  in  rare  cases,  but  the  ataxic  form  of  diphtheritlo 
paralysis,  passing  away,  is  far  more  common  than  true  tabes.  (See 
also  section  on  Pathology.)  Alcoholic  excess  has  been  noted  in 
some  instances,  and  the  influence  of  this  cause  is  ^nte^jgib^e  since  it  is 
known  to  cause  sometimes  such  a  form  of  fXSt^fSXiieuriidM  as 
occurs  in  tabes.  Indeed,  it  is  strange  that  this  cause  cannot  be 
traced  more  frequently.  Sexual  excess  has  been  supposed,  by  some, 
to  be  a  cause ;  but  its  influence  can  rarely  be  detected,  and  its  signi- 

*  Altbonf^h  an  occMional  relation  to  syphilii  had  b«en  noted  by  feveral  preeediog 
obterven.  Foamier  was  the  first  (in  1876)  to  ataert  the  wide  extent  of  this  relation. 
His  statemeDta  were  recelTed  with  doubt  (because  syphilitic  patients  constitoted  hi* 
field  for  obaenration),  but  they  were  confirmed  from  the  neurological  side  by  mysel'C 
('  British  Med.  Journal,'  March  1, 1879)  and  Erb  (*  Arch.  f.  klin.  Med./  July,  1879>  j 
while  abundant  corroboration  hai  been  since  afforded.    Many  who  at  firtt  doubt 
have  been  convinced  by  fresh  observations.     FHCts  collected  without  reference 
the  point  at  issue  have  proved  useless,  and  freshly  collected  facts  have  thrown 
new  light  on  the  subject.    The  proportion  of  cases  with  previous  syphilu  n< 
sarily  varies  according  to  the  absolute  frequency  of  syphilis,  because  the  numl 
due  to  other  causes  will  be  the  same.    Syphilis  is  rare  among  Hebrews,  and  hence 
smaller  ratio  of  Jewiith  tabetics  have  had  syphilis.    The  difference  in  the  cbaraci 
of  the  lesion  from  that  of  changes  known  to  be  syphilitic  was  urged  as  an  objectt( 
by  many  writers,  but  such  considerations  are  theoretical,  and  must  yield  to  tmet 
instead  of  denying  that  this  or  that  lesion  can  be  produced  by  a  given  oanseb  we 
have  to  widen  our  view  of  the  operation  of  that  cause.    Other  degenerationa  of 
nervous  systt'm  seem  also  to  have  a  relation  to  syphilis,  as  I  pointed  oat  some  ji 
ago  (*  Lancet/  Jan.  15,  1881).    As  will  be  shown  in  the  section  ou 
recent  discoveries  lessen   very  much  the  difficulty  of  comprehending  the 
tioiiship. 
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Bcance  is  uncertain,  siuue  sexual  excitement  is  undoubtedly  some- 
times an  early  symptom  of  tbe  disease. 

Secondary  Tabes. — Symptoms  of  locomotor  ataxy  sometimes  succeed 
dtber  diseases  of  tbe  spinal  cord,  and  sucb  sequence  is  especially 
x>mmon  in  sypbilitic  subjects.  Myelitis  and  sypbilitio  gummata 
Diay  be  tbus  succeeded  by  tabes.  An  officer  in  India,  wbo  bad 
bad  sypbilis,  baring  suffered  for  a  day  or  two  from  pains  in  tbe  back, 
took  a  batb  in  snow  water,  and  in  a  few  days  bis  legs  were  absolutely 
powerless.  He  gradually  recoyered  power,  but  could  not  oo-ordinate 
tbe  moYoment:  as  power  returned,  lightning  pains  came  on,  and  a 
rear  afterwards  be  presented  tbe  typical  condition  of  locomotor  ataxy. 
Again,  a  man,  twelye  years  after  sypbilis,  bad  a  severe  fall,  followed 
by  gradual  loss  of  power,  so  tbat  at  tbe  end  of  three  weeks  be  could 
icarcely  stand.  Tbe  legs  remained  weak  for  a  month,  and  then  im« 
proTedy  but  ataxy  came  on ;  three  months  later,  power  was  good,  inco- 
ordination extreme.  A  similar  succession  may  occasionally  be  observed 
in  those  who  have  not  had  syphilis.  In  many  cases,  however,  the 
ultimate  condition  is  one  of  combined  weakness  and  ataxy. 

Symptoms. — A  typical  case  of  developed  tabes  presents  certain 
motor,  sensory,  and  reflex  symptoms.  There  is  inco-ordination  of 
moTement  of  tbe  legs,  sometimes  of  the  arms  also,  without  loss  of 
power  or  muscular  wasting.  There  are  pains  in  the  affected  parts, 
especially  sharp  momentary  '*  lightning  "  pains ;  there  is  some  loss  of 
sensation ;  there  is  often  loss  or  diminution  of  reflex  action  from  the 
skin,  and  almost  always  entire  loss  of  the  myotatic  irritability  that  is 
revealed  by  the  so-called ''  tendon-reflexes,"  and  especially  by  the  knee- 
jerk  ;  there  may  be  retention  or  incontinence  of  urine,  constipation, 
and  often  loss  of  sexual  power.  Of  this  group  of  symptoms,  two 
usually  precede  tbe  others — the  pains,  and  the  loss  of  the  knee-jerk. 
These  may  exist  alone,  even  for  years,  before  inco-ordination  comes  on* 
Tbus  the  symptoms  are  far  wider  in  range  than  the  name  "  ataxy  '* 
sngg^ts ;  and  while  iuco-ordination,  if  it  exists,  is  the  most  obtrusive 
objective  symptom,  it  may  never  be  developed.  Hence  physicians 
have  extensively  fallen  hsLck  on  the  older  term  "tabes  dorsalis.'' 
But  recent  expansion  of  our  knowledge,  especially  tbe  discovery  of  the 
3xtent  to  which  the  symptoms  may  depend  on  disease  of  the  peri- 
pheral nerves,  shows  that  even  tbe  qualifying  "  dorsalis  "  narrows  tbe 
oame  unduly,  and  "  peripheral  ueuro-tabes "  has  been  added  to  the 
terminology  of  the  disease. 

Besides  the  symptoms  above  enumerated,  others  are  occasionally 
present.  Of  these  the  most  important  are  atrophy  of  the  optic  nerve 
(and  occasionally  of  other  cranial  nerves) ;  trophic  changes  in  tbe  skin, 
the  bones,  and  the  joints  ;  peculiar  paroxysmal  visceral  disturbances 
ind  occasionally  motor  paralyses  and  muscular  wasting  supervene. 
The  combinations  of  symptoms  present  in  different  cases  vary  much. 
It  will  be  convenient  to  consider  first  the  individual  symptoms  in 
Lheir  various  degrees,  and  then  their  grouping  and  sequence. 

TOL.  I.  26 


402  SPINAL  CORD. 

Motor  Symptoma. — The  cbaracteristio  inco-ordination  of  moyetoent 
develops  gradually.  It  is  usually  increased  (as  Bomberg  pointed  out) 
bj  closure  of  the  eyes,  and  at  first  may  only  exist  when  the  guidio;; 
influence  of  vision  is  thus  withdrawn.  Before  it  causes  ataxy  of 
movement,  it  may  render  difficult  the  maintenance  of  equilibrium  when 
the  base  of  support  is  narrowed  by  the  feet  being  placed  close  together, 
toes  and  heels ;  if  then  the  eyes  are  closed,  the  patient  sways,  and 
tends  to  fall.  In  health  slight  unsteadiness  is  thus  produced,  varjmg 
in  degree  in  different  persons,  but  never  amounting  to  eyen  a  sugget* 
tiou  of  a  fall.  The  effect  of  closure  of  the  eyes  is  greatest  when 
sensation  in  the  soles  of  the  feet  is  defective,  but  does  not  depend  on 
this  defect ;  it  may  be  marked  when  sensation  on  the  soles  of  the  feet 
is  perfect.  The  early  defect  in  co-ordination  may  be  discovered  bj 
the  patient  when  he  walks  in  the  dark,  or  backwards,  or,  not  un- 
commonly, when  he  shuts  his  eyes  in  the  process  of  washing  the  face. 
In  a  further  degree  of  inco-ordination  there  is  inability  to  stand  with 
the  feet  together,  even  when  the  eyes  are  open,  and  the  patient  is  only 
steady  when  the  feet  are  wide  apart.  If  the  feet  are  bare,  the  diffi- 
culty is  greater,  because  muscular  action  has  to  replace  the  rigid  baac 
of  the  boot.  The  irregular  contraction  of  the  muscles  is  shown  by  the 
conspicuous  movement  of  the  tendons  on  the  back  of  the  feet  The 
patient  may  oscillate  from  toes  to  heels  before  he  comes  to  rest.  As 
the  defect  progresses,  uncertainty  is  felt  in  walking  even  with  full 
visual  guidance,  especially  on  uneven  ground,  or  on  a  very  smooth 
surface.  A  slight  visible  alteration  in  gait  is  then  appreciable,  the 
feet  are  not  placed  on  the  ground  quite  as  in  health,  or  there  is  distinct 
difficulty  in  maintaining  equilibrium  when  the  patient  turns  quickly, 
and  he  has  to  put  a  foot  down  suddenly  to  keep  from  falling.  •  As  the 
inco-ordination  increases,  the  change  in  g^t  becomes  greater,  but 
varies  much  in  its  precise  characters,  according  to  the  muscles  that 
are  most  affected.  Often  the  feet  are  raised  too  high,  thrown  for- 
wards too  far,  brought  down  too  suddenly,  and  the  whole  sole  cornea 
in  contact  with  the  ground  at  once.  There  may  be  a  tendency  for  one 
foot  to  be  brought  in  front  of  the  other,  or  moved  too  far  outwards. 
Often  the  foot  becomes  inverted  when  it  touches  the  ground.  Efforts 
to  correct  error  in  movement  have  themselves  to  be  corrected.  In 
other  cases  the  defect  in  maintaining  equilibrium  is  greater  than  the 
actual  disorder  of  movement  of  the  legs,  and  the  patient  sways  about  in 
the  manner  of  one  who  has  cerebellar  disease ;  this  probably  depends 
on  a  preponderant  affection  of  the  muscles  of  the  hip-joint. 

As  the  defect  progresses,  the  patient  is  only  able  to  walk  by  steady- 
ing himself  with  a  stick,  or  by  taking  hold  of  the  arm  of  another  person 
or  of  adjacent  objects.  At  first  a  very  slight  degree  of  this  help  is 
sufficient;  guidance  rather  than  support  is  needed.  Afterwards, 
however,  considerable  support  is  necessary,  and  ultimately  the  patient 
may  be  unable  to  stand  even  with  help.  When  he  attempts  to  rise, 
the  legs  move  hurriedly  forwards  and  backwards,  and  if  the  upright 
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posture  is  at  last  achieved,  the  legs  slip  forward,  and  onlj  strong 
support  saves  the  patient  from  a  fall.  The  ataxy  is  manifest  also  in 
other  movements  of  the  legs.  If  the  patient,  when  lying,  tries  to 
touch  an  object  with  his  foot,  the  leg  is  moved  irregularly,  goes  beyond 
the  place,  and  then  is  brought  too  far  back,  and  only  at  last  does  it 
come  in  contact  with  the  object,  often  with  unintended  force.  This 
iiico-ordination,  like  that  in  standing,  is  much  greater  if  the  eyes  are 
closed. 

The  arms  may  present  similar  inco-ordination,  although  tbey  often 
escape,  even  when  the  affection  of  the  legs  is  extreme ;  very  rarely 
the  arms  suffer  before  the  legs.  The  commencing  defect  is  revealed 
by  delicate  movements,  such  as  writing.  When  slight,  it  may  be 
conspicuous  if  the  patient  tries,  with  closed  eyes,  to  touch  some  object, 
such  as  his  own  nose,  or,  having  abducted  his  arms,  tries  to  bring  the 
forefingers  together.  As  it  increases,  all  movements  become  irregular ; 
it  is  impossible  for  the  patient  to  button  his  coat,  or  to  pick  up  a 
small  object  from  the  table  ;  the  fingers  twist  about  in  the  attempt. 
The  grasp  is  not  sustained ;  first  one  finger  is  felt  to  relax  and  then 
another.  If  the  patient  attempts  to  hold  out  his  hand  in  a  fixed 
posture,  it  is  seen  that  the  same  irregularity  obtains ;  instead  of  a  uni- 
form bahinced  contraction  the  muscl.j  contract  and  relax  involun- 
tarily, and  slow  unintended  movements  of  the  fingers  result,  some- 
times closely  resembling  those  of  athetosis.  The  same  spontaneous 
movements  may  also  be  observed  in  the  legs.  They  cease  at  once 
when  the  muscular  effort  is  relinquished.  Occasionally  the  muscles 
of  the  trunk  present  inco-ordination.  Thus  one  patient  could  sit 
steadily  on  a  chair  when  his  eyes  were  open,  but  if  he  closed  them  would 
at  once  fall  off.  The  movements  of  the  head,  face,  tongue,  and  eyes, 
escape  the  characteristic  derangement 

Even  with  extreme  inco-ordination,  the  power  of  the  muscles  maybe 
unimpaired.  Occasionally  some  group  of  muscles,  as  the  flexors  of  the 
ankle,  become  weak  for  a  little  time  and  then  strong  again,  just  as  may 
the  eyeball  muscles,  as  we  shall  presently  see.  In  some  cases  motor 
power  in  the  limbs  remains  unimpaired  to  the  end  ;  more  often,  when 
the  ataxy  has  become  great,  some  muscular  weakness  supervenes,  with 
or  without  wasting  of  the  weak  muscles.  There  is  a  distinct  group  of 
cases  in  which  weakness  and  ataxy  come  on  together,  but  these  are 
considered  separately  ("  Ataxic  Paraplegia  "). 

Sensory  eymptoiM  are  prominent  in  most  cases, — subjective  sensa- 
tions, especially  of  pain,  and  loss  of  sensibility.  Spontaneous  pains 
are  present  in  some  degree  in  nine  tenths  of  the  cases  of  tabes.  The 
most  frequent  and  characteristic  are  the  sudden  and  lancinating  pains 
called  ••  hghtning  pains."  They  occur  chiefly  in  the  legs,  but  may  be 
felt  in  the  trunk,  arms,  and  even  in  the  head.  They  are  usually 
paroxysmal  and  apt  to  come  on  at  night ;  attacks  of  such  pains  last 
for  some  hours  or  for  a  day  or  two,  varying  in  seat,  but  often  felt  in 
the  same  part  throughout  an  attack^  or  through  many  attacks. 
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8oinetimet  tbej  are  felt  in  a  limited  area  of  the  sirin ;  at  others  the^ 
seeiu  more  deeply  seated;  sometimes  they  dart  down  the  limb.  The 
may  correspond  to  a  nerre-trunk  (especially  the  sciatic),  but  mor 
frequently  have  no  relation  to  the  nerves.  They  may  be  felt  near  bi^ 
not  in  joints.  Although  the  pains  are  usually  acute  and  **  stabbing  ^», 
tbey  are  sometimes  of  different  character.  Thus  in  one  patient  t^^ 
sensation  was  as  if  both  legs  were  for  a  moment  on  fire.  WU^^ 
referred  to  the  skin,  this  often  becomes  tender  after  the  pains  htiy^ 
been  felt  for  a  time,  and  even  the  contact  of  the  bedclothes  cannot  b^ 
borne.  When  pains  continue  at  one  spot  for  some  days,  yascular  or 
trophic  changes  may  occur  there,— occhjmoses  have  been  observed,  and 
I  have  known  the  grow  th  of  the  hair  to  be  changed  where  pains  had 
been  felt  in  the  scalp ;  each  hair  bent  and  broke  short  off,  over  an 
area  the  sizo  of  half-a-crown ;  after  the  pains  ceased,  the  growth  of 
the  hair  became  normal.  A  sharp  pain  may  be  accompanied  bva 
sudden  reflex  spasmodic  movement  of  the  legs,  or  by  inhibitorj 
weakness.  Thus,  in  one  case,  a  sudden  pain  would  often  make  the 
patient  fall  on  his  knees.  The  pains  may  be  so  severe  as  to  prevent 
sleep  for  several  days. 

Other  kinds  of  severe  pain,  less  brief  than  the  lightning  pains,  occur 
in  some  cases,  and  are  described  by  various  epithets,  as  "  burning," 
"tearing,*'  *' gnawing."    Burning  pain  in  the   toes  distressed  one 
patient     Much  more  common,  and  occurring  with  other  pains,  are 
slighter  dull  pains  like  those  of  rheumatism,  for  which  they  are  often 
mistaken,  an  error  that  is  facilitated  by  the  circumstance  that  any  of 
the  pains  of  tabes  may  be  influenced  by  weather,  being  especially 
increased  by  damp  cold.     Such  dull  pains  sometimes  precede  the 
sharp  pains  even  for  years.     A  painful  sense  of  constriction  is  also 
common,  and  may  be  felt  around  the  trunk  or  in  the  legs,  groins,  ^. ; 
it  is  often  referred  to  a  oonsidemble  area — the  patient  may  feel  as  if 
the  whole  trunk  were  tightly  enveloped  in  a  cuirass  of  brass.     Darting 
pains  also  may  be  felt  in  the  trunk  and  not  in  the  legs.    Such  a  sense 
of  constriction  is  sometimes  referred  to  the  legs.     In  the  arms  aa^ 
hands  the  pains  are  usually  sligl.t  in  degree,  and  seldom  cause  rdti^ 
distress.     Visceral  pains   may  also   occur,  usually  paroxyhmal,  ar^^L 
referred  to  the  stomach,  bladder,  rectum,  kc. 

Pains  are  not  only  the  most  common,  they  are  often  the  earli^=si^ 
indication  of  the  disease,  and  may  be  the  only  subjective  sympto 
in  slight  and  stationary  cases.     They  bear  no  proportion  to  the  otb= 
symptoms,  and  are  sometimes  trifling — occasionally  altogether  abser--: 
Thoy  seem  sometimes  to  occur  alone ;  I  have  seen  several  patie^ 
who  suffered  lightning  pains,  characteristic  in  features,  course, 
p'uoril  association:^,   both   with  and  without  the  pupil  sympto^=^» 
common    in    tabes.      Such    isolated    pains    may    be    followed 
ataxv. 

St  usationa  other  than  pain  are  also  common.     They  are  variou-      _#  j 
ihu meter,  described  as  **  tingling/'  **pin8  and  needles,**  *' evaepi^^K^ ' 
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and  Tery  often  afi  if  the  skin,  especiallj  of  the  soleB,  were  coYered  by 
Bome  soft  substance.  SensatioDS  of  cold  or  of  beat  are  also  common ; 
the  feet  may  feel  as  if  the  legs  were  always  iu  cold  water ;  a  seosation 
of  cold  about  tbe  testicles  is  occasionally  complained  of.  Similar 
cutaneous  sensations  are  also  common  in  tbe  hands.  Increased  sensi- 
tireness  to  pain  may  also  exist,  especially  on  tbe  soles  of  the  feet,  and 
often  accompanies  lessened  sensibility  to  touch. 

A  diminution  of  sensibility  is  also  present  in  most  cases  of  the 
dereloped  disease.  It  may  involve  all  forms  of  sensibility,  but  biLlom 
equally;  some  forms  may  be  impaired  and  others  normal.  Either 
pain  or  touch  may  be  a£fectod  alone ;  for  instance,  a  prick  may  cause 
no  sensation  of  pain,  although  the  least  touch  of  the  finger  is  every- 
where perceived.  A  firm  touch  (i.  e,  slight  pressure)  may  be  felt 
when  a  slight  touch  is  unperceived.  When  a  touch  is  felt,  tbe 
power  of  localising  it  may  be  impaired.  Temperature  sensations  are 
rarely  affected  without  other  forms  of  sensibility,  but  they  may  be  im- 
paired with  pain  when  tactile  sensibility  is  normal.  On  the  other 
baud,  there  may  be  extensive  loss  to  pain  without  any  defect  of  the 
temperature  sense.  A  prick  may  then  cause  only  a  sensation  of  heat, 
and  extreme  degrees  of  heat  or  cold  cause  pain  less  readily  than 
normaL  The  temperature  loss  may  be  partial — either  cold  or  heat 
may  be  unperceived  while  the  other  is  recognised.  Wben  touch  is 
slightly  impaired,  there  may  be  an  inability  to  discriminate  differences 
in  the  degree  of  pressure  on  the  skin. 

Accompanying  the  diminution  or  increase  of  sensitiveness  there  are 
sometimes  curious  changes  in  the  sensation  produced.  One  of  these 
is  a  delay  in  the  perception  of  pain,  which  may  amount  to  several 
•eoonds.  The  greatest  delay  I  have  met  with  amounted  to  seven 
seconds,  but  one  of  fifteen  seconds  has  been  described  (Eulenberg). 
The  contact  of  a  point  may  be  felt  at  once,  the  pain  only  after  a 
considerable  interval.  Often  there  is  an  after-pain,  lasting  sometimes 
for  a  quarter  or  half  a  minute  or  longer,  and  the  maximum  sensation 
may  not  be  attained  until  some  seconds  after  the  pain  is  first  felt. 
Thus,  in  a  case  in  which  there  was  a  delay  of  seven  seconds,  the 
maximum  sensation  was  only  felt  twenty-five  seconds  after  the  prick 
(Obersteiner).  Often  there  is  a  second  or  third  maximum,  a  sort  of 
rhythmical  recurrence  of  sensation,  quick  or  deliberate.  A  delay 
greater  than  normal  may  also  attend  the  sensation  of  heat.  The 
localising  power  is  sometimes  strangely  perverted.  A  touch  or  prick 
on  one  leg  may  be  referred  to  the  other,  sometimes  with  singular  uni« 
formity  in  position  (allocheiria,  p.  9).  A  prick  in  one  spot  may  be  felt 
in  many  places  (polyacsthesia)  on  the  same,  or  on  both  legs.  The 
reaction  of  the  sensory  nerves  to  electricity  may  be  changed  in  the 
same  way  as  that  of  the  motor  nerves  when  they  are  degenerated ; 
instead  of  the  earliest  sensation,  on  closure  of  the  circuit,  occurring  at 
tbe  kathode,  it  occura  at  the  anode  (Mendelssohn). 

Impairment  of  sensation  is  most  frequent,  and  usually  greatest 
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in  the  lower  part  of  the  legs  and  feet.  It  may  even  be  limited 
to  the  soles,  and  usual Ij  then  ceases  at  the  outer  sharp  edge  of  the 
foot,  but  extends  for  an  inch  or  so  up  the  inner  aide.  Touch  or 
pain  may  be  lost  on  the  sole  only,  and  even,  strange  to  say,  the 
form  of  sensibility  that  is  lost  on  the  sole  may  alone  persist  in  the  legs. 
Although  the  sole  is  usually  most  affecteJ,  sensation  may  be  perfect 
on  the  sole  when  lost  elsewhere.  One  leg  is  often  more  affected  than 
the  other.  The  loss  may  extend  to  the  trunk,  and  over  part  or  the 
whole  of  it.  In  the  arms  it  is  usually  greatest  on  the  hands ;  often 
commences  on  the  palmar  aspect  of  the  fingers,  and  may  be  limited  to 
this  aspect  of  the  hands,  just  as  it  is  to  the  soles  of  the  feet.  Sensa- 
tion may  be  lost  on  the  trunk  and  not  on  the  limbs — an  important 
fact,  because  the  ansesthesia  may  then  readily  be  oyerlooked.  On  the 
head  loss  of  sensation  is  rare  and  partial. 

The  loss  of  sensibility  is  not  confined  to  the  skin,  but  affects  the 
deei>er  tissues  also  in  many  cases.      The  contraction  of  the  mngclei 
on  electrical  stimulation  may  be  unfelt,  and  the  muscles  may  be  less 
sensitive  than  normal  to  pressure  or  forcible  extension.      It  is  onlj 
from  intelligent  patients  that  this  can  be  distinctly  ascertained. 
Sometimes,  however,  the  muscles  may  be  quite  insensitive  when  cuta- 
neous sensibility  is  little  or  not  at  all  impaired.     It  is  probable  that 
the  sensibility   of  the  joints,  fibrous  tissues,  and  tendons  is  also 
involved.     The  position  of  the  limbs  in  passive  as  well  as  in  active 
movements  may  uot  be  perceived.      In  slight  cases  this  sense  of  pos- 
ture may  not  be  lost,  but  in  severe  cases  it  may  be  so  absolute!? 
abolished  that  the  patient  has  always  to  look  to  see  where  his  legs  are. 
The  ansDsthesia  mav  extend  to  the  viscera  when  the  trunk  is  involved. 
In  consequence  of  the  loss  of  sensation,  gprave  injuries  to  the  limlis, 
such   as   bums,  may  be  unperceived,  and   visceral  disease  may  be 
unattended  with  the  customary  pain.     Pleurisy,  for  instance,  may  be 
absolutely  painless. 

But  im^^irment  of  sensation  is  not  invariable.  There  may  be  no 
loss  even  in  patients  who  present  considerable  inco-ordination,  and  in 
those  who  suffer  severe  pains,  as  well  as  in  those  who  have  had  none* 
But  it  is  Tf  ry  rare  to  have  no  sensory  defect  when  inco-ordination  is 
considerable. 

B^jl^Jt  actiom  from  the  skin  is  usually  impaired  in  proportion  to  the 
1-^ss  of  cutaneous  sensibility,  and  especially  to  the  loss  of  tactile  sensi- 
bility. It  may  be  normal  when  f4un  is  unfelt.  The  plantar  reflex 
is  most  frt^quently  imi^airvd,  and  the  progress  upwards  of  the  disease 
may  l^  attended  by  a  progressive  loss  of  the  gluteal,  cremasteric,  and 
alKlominal  r^dt'xes.  On  account  of  the  variations  met  with  in  health, 
it  is  uncertain  whether  redex  aiction  is  ever  lessened  when  there  is  no 
iiupdirment  of  srcsation.  On  the  other  hand,  in  the  early  stage  of 
the  disease,  tht're  is  sometimes  a  considerable  and  even  extrenie  excess 
of  aII  cur.*atous  r^drx  action. 

L1.SS  of  Sic-x\-u  ^ovcr  u  an  exceei:sg!y  cvmmon  and  often  an  early 
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qrmptom  of  the  diaease,  and  maj  precede  anj  impairment  of  sensory 
or  reflex  functions.  On  the  other  hand,  exceptions  are  met  with  in 
which  sexual  power  persists  to  a  late  period  of  the  disease,  even  until 
after  the  patient  has  lost  the  ability  to  walk  alone. 

If  the  condition  of  cutaneous  reflex  action  is  somewhat  inconstant, 
this  is  not  the  case  with  the  reflex  process  on  which  the  myotatic 
irritability  depends.  A  loss  of  the  knee-jerk,  as  Westphal  first 
pointed  out,  is  one  of  the  earliest  and  most  constant  symptoms  of 
tabes.  With  it  disappear  also  all  other  indications  of  this  irritability. 
In  cases  with  great  excess  of  cutaneous  reflex  action  the  knee-jerk  is 
lost  as  in  other  cases,  and  the  contrast  between  the  two  forms  of  reflex 
action  is  very  striking.  It  is  exceedingly  rare  for  the  knee-jerk  to  be 
obtained  in  any  case  of  true  tabes,  but  an  early  case  is  sometimes 
met  with  in  which  it  is  not  lost,  although  diminished,  and  commonly 
unequal  on  the  two  sides.  In  one  or  two  cases  I  have  found  it  slight 
on  one  side  and  lost  on  the  other,  when  distinct  ataxy  was  present, 
and  have  observed  its  subsequent  disappearance.  In  one  case,  in  which 
the  jerk  was  lost  in  one  leg  only,  lightning  pains  were  confined  to 
this  leg.  The  loss  often  precedes  for  many  years  the  development  of 
inco-ordination. 

Eye  Symptoms, — The  functions  of  the  internal  muscles  of  the  eye 
are  often  affected  in  tabes.  In  more  than  five  sixths  of  the  cases*  the 
reflex  action  of  the  iris  to  light  is  lost ;  rarely  the  action  remains  perfect 
throughout.  In  most  cases  of  reflex  loss,  the  contraction  on  accommo- 
dation is  preserved,  as  first  noted  by  Argyll-Bobertson.  Often  also  (as 
Erb  has  shown)  the  dilatation  that  occurs  on  painful  stimulation  of 
the  skin  of  the  neck,  Ac,  can  no  longer  be  produced.  Sometimes 
the  ciliary  muscle  is  also  paralysed,  causing  loss  of  accommodation. 
Very  rarely  there  is  loss  of  accommodation  and  of  the  associated  con« 
traction  of  the  iris,  without  loss  of  the  light-reflex.  When  reflex  con- 
traction is  not  lost,  it  may  not  be  maintained;  the  pupil  again 
enlarges ;  an  actual  inverted  reaction  to  light  and  darkness  has  been 
observed.f  The  pupils  are  often  very  small  (''spinal  myosis*'), 
especially  when  there  is  loss  of  the  reflex  dilatation  from  the  skin,  a 
loss  which  seems  to  be  accompanied  by  atony  of  the  radiating  fibres 
supplied  by  the  sympathetic  The  pupils  are  not  always  small ;  they 
may  be  of  a  medium  size  or  still  larger,  and  then  I  have  usually 
found  that  the  skin-reflex  can  be  obtained,  although  the  light- 
reflex  cannot.  They  are  often  not  perfectly  circular,  and  are  frequently 
unequal.  Both  eyes  are  usually  affect<-d  in  the  same  manner ;  occa- 
sionally the  reflex  action  is  lost  in  one  and  only  lessened  in  the  other  ; 
indeed,  almost  every  possible  condition  is  occasionally  met  with.  On 
the  other  hand,  the  intra-ocular  muscles  may  be  unaffected  even  in 
advanced  cases.  According  to  Bergcr,  the  ocular  tenziion  is  often 
lessened. 

•  BerpCT  sayt  97  per  ccnL 

t  L'AbunJeb  *  Lii  l*»>cbitttria,'  18S0,  tU,  p.  23 J. 
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Paral/Bis  of  the  eitenul  ocoUr  tnosclu  ib  ■!•»  eontmon  in  tabs, 
and  occurs  in  BereT&l  forms:  (I)  Trutnent  wie«kii«n,  laotioga  few 
daja  or  weeki  aod  then  passmg  kvaj.  (2)  Pemuuient  pualTus, 
GompleM  or  incomplete,  of  s  single  nerre  or  part  of  &  nerre.  Either 
form  may  occur  at  anj  stage,  but  the  first  ia  most  common  in  thr 
eaHjr,  and  the  aecoud  in  the  later  stage*  of  the  diseace.  The  tmiMiit 
.  pals;  renders  diplopia  a  common  BTiB- 
[itom  in  the  earlj  period  ;  aajmosde 
mny  be  affected,  bat  the  exterakl 
rectud  is  that  which  moat  freqneatlT 
Euffi^rs.  The  ptr=istent  palsv  mar 
aSect  one  or  iBore  uascles;  often 
tbe  levator  is  inTohed.  causing  what 
has  been  termed  "tabetic  ptosit" 
(Fig.  114).  Sometimes  the  whole 
third  nerre  ia  paraljfsed.  (3)  There 
may  be  a  combined  palsv,  suggeating 
a  central  origin,  as,  for  inslanoe,  loM 
of  the  moremenl  of  i-onvergeDce  as«o- 
tiati^d  with  loss  of  accoumodatioD, 
although  the  tntcrnal  recti  act  in 
the  movement  towards  one  side.  (4) 
Manjr  or  all  the  mtucl^  of  both 
eyes  may  gradually  become  paraljied, 
"  I'Tfgressive  ophthalmoplegia,"  in- 
tt'raal  or  external — a  condition  thai 
i«  more  fully  described  in  the  account 
of  ocuUr  palsies  in  vol.  ii. 

Atrophy    of    the    optic    nerra    il 
the   most    serious   otrular   oomplica* 
tion  of  tabes.     Its  frequency  is  diihcult  to  ascertain,  but  is  oert^nl/ 
less  than  is  often  supposed  ;  it  does  not  occur  in  more  than  one  caaein 
ten.     Atrophy  is  generally  an  early  symptom,  usually  commenciii" 
before  inco-ordi nation  is  developed,  and  in  a  large  number  of  cases  ataxy 
does  not  supervene  ;  there  seems  a  tendency  for  the  spinal  malady  to 
become  stationary  when  the  optic  nerve  suffers.     The  disc  )>ecome* 
pale,  and  its  substauce  shrinks,  ao  that  receseion  b«^ns  at  its  edgo 
instead  of  at  the  central  "  cup,"  as  may  readily  be  perceive  by  tho 
course  of  the  vciiBelB.     The  failure  of  sight  usually  commences  with 
periphernl  limitation  of  the  field  and  loss  of  colour  vision,  but  sometimi 
central  acuity  fails  early.     When  this  remains  good,  the  peripheral  I< 
may  reach  a  considerable  degree  before  it  is  suspected  by  tbe  [.«tieat 
The  visible  pallor  of  the  optic  disc  is  not  always  proportioned  to 
failure  of  sight ;  the  change  in  tint  depends  on  wasting  of  tfa«  ca] 
lariea,  and  this  does  not  always  corrcs|)ond  to  the  wasting  of  the  nerr^ 
fibres.  Tbe  ultimate  tint  is  grey,  or  a  whitish  grey,  es|>ecia11y  asaeen  bj 
•  ftotu  ■  S<li>«tri6re  pliotogrupU,  for  wlurli  1  am  indcbtod  to  M.  Charcnt. 


Fro.  114.— Doable  tabetie  plon*,* 
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the  direct  method.  When  the  disc  was  very  yascular  before  the 
atrophy,  the  grej  tint  is  generally  deepest.  The  Tessels  are  but  little 
narrowed.  Occasionally  there  are  slight  signs  of  congestion  in  the 
early  stage,  and  then  some  tissue  of  gelatinous  aspect  may  develop  in 
the  disc,  and  the  Tessels  may  appear  somewhat  compressed.* 

The  course  of  the  atrophy  is  usually  slowly  progressive,  and,  in  most 
eases,  it  ends  in  total  or  almost  tots!  blindness.  It  may,  however, 
eease  to  progress,  and  even  undergo  slight  improvement.  The  onset 
is  not  always  gradual;  sometimes  sight  fails  considerably  in  the 
course  of  a  few  days,  without  ophthalmoscopic  changes  to  account  for 
it.  I  have  met  with  one  such  case  in  which  double  temporal  hemianopia 
indicated  disease  at  the  optic  chiasma.  In  such  cases  the  secondary 
interstitial  process  probably  assumes  inflammatory  intensity  (see 
p.  396).  The  atrophy  is  often  more  advanced  in  one  eye  than  in  the 
other,  and  very  rarely  one  eye  only  suffers.  Flashes  of  light  are 
occasionally  experienced  in  the  course  of  the  atrophy,  comparable  to 
the  lightning  pains  in  the  limbs,  but  they  are  not  common. 

Deafness,  having  the  characters  of  nerve-deafness,  is  met  with  in 
some  cases,  sudden  or  gradual  in  onset,  transient  or  lasting.  The 
persistent  deafness  has  been  attributed  to  an  atrophj  of  the  auditory 
nerve,  analogous  to  that  of  the  optic  nerve,  but  certainly  in  many 
cases  without  sufficient  reason.f  Ouly  when  there  is  a  progressive  limi- 
tation of  the  range  of  hearing,  analogous  to  the  peripheral  limitation 
of  the  field  of  vision,  are  we  justified  in  assuming  nerve  atrophy.  I 
have  seen  two  cases  of  this  kind.  In  each  there  was  also  optic  nerve 
atrophy,  and  the  other  symptoms  of  tabes  were  distinct.^  Attacks  of 
vertigo  are  frequent  in  the  cases  attended  by  deafness,  and  seem  to 
depend  on  the  disturbance  of  the  labyrinth  or  auditory  nerve,  and  to 
be  thus  connected  only  indirectly  with  the  primary  disease.  Anosmia 
occasionally  occurs,  and  is  probably  not  infrequent.  It  is  apparently 
due  to  an  atrophj  of  the  olfactorj  nerve  similar  to  that  of  the  optic 

The  functions  of  the  other  cranial  nerves  are  not  often  affected. 
Fains  may  be  felt  in  the  region  of  the  fifth  nerve,  and  there  is  occa* 
•ionally  loss  of  sensation  in  some  part  of  the  area  supplied  by  it,  on 
one  side  or  both.  Unilateral  atrophy  of  the  tongue  has  been  sometimes 
noted.    In  the  larjnx,  besides  the  spasm  to  be  presently  described, 

^  Further  details  will  be  foand  in  '  Medical  Ophthalmoscopy.* 
f  It  U  very  diiBealt  to  distinguish  an  affection  of  the  nerve  from  one  of  the 
labyrinth  independent  of  the  nerve.  Even  in  a  case  of  bilateral  deafness  coming 
on  in  the  oourse  of  tabes,  in  which  the  patient  ooold  hear  only  a  loud  voice,  and 
deep  notes  better  than  high  ones,  in  which  atrophy  had  been  diagnosed,  Lacae  found 
calcareous  masaet  in  each  of  the  labyrinths,  and  the  auditory  nerves  were  quite 
normaL 

{  In  one,  only  notes  between  E*  and  D  eould  be  henrd.  In  the  other  the  patient, 
when  flr»t  examined,  was  absolutely  deaf  to  notei  above  E*  and  below  Q|.  A  few 
monthe  later,  the  restriction  had  confined  the  range  of  hearing  to  the  octave  in  the 
treble  clef,  between  E*  and  E\  even  £b^  being  inaudible.  Thus  the  loss  occurred 
ehiefly  from  below  upwards.    Ultimately  no  note  could  be  heard* 
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t&te  amputation.  Tbe  growth  of  the  naili  of  the  feet,  and  Bometimei 
of  those  of  the  hands,  may  be  changed ;  they  may  be  thickened  and 
the  surface  furrowed  or  irregular.  The  nails  may  even  fall  off  and  bs 
•loirlj  renewed.  The  teeth  sometimes  decay  quickly,  and  may  drop 
vat.  One  patient  who  had  previously  lost  many  of  bis  nails,  found 
that  all  the  ttetb  of  the  upper  jaw  fell  out  in  the  course  of  three  days, 
without  any  pain  or  decay.  Wasting  of  the  muscles  occurs  only  as  a 
complication  in  the  later  stage  of  the  disease. 

Changes  in  the  nutrition  of  the  joints  and  bones  hare  attracted 
much  notice  since  attention  was  directed  to  them  by  the  careful 
invf  stigations  of  Charcot,  whose  name  is  sometimes  connected  with  the 
eondition.  They  are  not  very  common,  but  are  sufficiently  frequent 
wid  well  marked  to  place  their  relation  (o  the  disease  beyond  doubt. 
The  bones  may  become  brittle,  and  may  break  readily,  in  so-called 
"spontaneous"  fractures.  The  process  of  union  is  attended  with  the 
formation  of  a  large  amount  of  callus.  Sometimes  there  is  also  ossi- 
fication or  calcification  of  the  structures  adjacent  to  injured  bones, 
and  eren  of  the  fibrous  tissues  independent  of  the  joints,  Buch  as  the 
intermuscular  and  subcutaneous  tisHues.  This  may  be  rapidly  in- 
flamed,  and  extremely  quick  swelling  may  occar,  followed  bj  iudura- 
tion.  As  the  inflammation  subsides,  there  is  a  remarkable  tendency  for 
ossification  to  occur  even  in  the  newly-formed  inflammatory  tissue 
beneath  the  sldn.  Such  subcutaneous  changes  occur  most  frequently 
in  the  foot  or  thigh,  especially  near  joints,  but  sometiues  in  the 
deeper  fibrous  tissues  between  the  muscles.  In  the  joints,  the 
chauges  oonsist  of  erosion  of  the  cartilage,  wasting  of  the  heads  of  the 
bones,  and  ossification  of  the  ligaments;  sometimes  irregular  bony 
growths  form,  and  occasionally  the  head  or  shaft  of  a  long  bone 
may  undergo  an  extraordinary  increase  in  size  by  the  development  of 
oew  osseous  tissue  on  the  surface.  The  joint  changes  niay  thus 
wsume  an  atrophic  or  hypertrophic  character,  and  the  morement 
may  be  either  too  free  or  too  limited.  Wastingof  the  head  of  the  femur 
uft«n  Tenders  dislocation  of  the  hip  easy.  A  remarkable  instance  of 
UwM  osseous  changes  has  been  recorded  by  Charcot ;  a  tabetic  woman 
•offered  snocesaiTely,  in  the  course  of  a  few  years,  dislocation  of  both 
Upo,  fimoturet  of  the  left  femur,  of  both  boues  oE  each  forearm,  and 
'  a  of  one  shoulder ;  after  death  old  fractures  were  found  in 
I  ooapnln  and  the  left  clavicle.  With  such  changes,  and  ofteu 
u  they  nrp  slight  in  degree,  there  may  be  great  effusion  within  the 
)  and  u'<li;ma  outside  tbem.  The  latter  joints  are  those  most 
piiuonly  diseased — knee,  hip,  ankle,  elbow, — but  the  small  joints  of 
obeenknown  to  suffer  (Westphnl).  The  relative  fre- 
~  ich  the  chief  joints  are  affected  is  approximately 
Ing percentage:* — knee,  45  ;  hip, 20;  shoulder, 
;  elbow,  fi;  ankle,  1.  They  oft«n  occur  during  the 
c<iBhinliig  tba  eolln-^ODii  of  caiei  of  Weiiaai'kar  (Bran**  '  Bciti. 
)7}  iod  Butter  (■  Arch.  f.  kl.  CLir.,'  ltd.  xuvit. 
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pre-ataxio  stage.  The  lesioiu  are  tometimea  exfflted  bj  injnij,  tnj 
the  eitraordinarj  obanges  that  maj  follow  traumatic  influencei,w 
occur  alone,  afford  a  conclnaite  indication  that  abDormal  truphic  in- 
fluences are  at  work.     Fig  116  represents  the  arm  of  a  man  who  fell 


Tia.  110.— IxMMnnotor  nUij,  psInleM  •wellinK  tit  elbow-Jotnt  aftar  t 
full  on  it.  Ona  Modjla  of  tha  hamcrqi  sn J  olMranoD  were  toandi 
■fwT  deith,  la  liRTa  bmn  broken  dS.  Sareral  iapint«  [rfeeaa  rf 
naw  boDa  bad  formed  In  tba  eapaale  of  tba  dutanded  joint. 

and  stmck  his  elbow,  fracturing  the  olecranon  and  condyle.  Thiswu 
followed  b;  extreme  painless  swelling,  and  bony  masses  could  bo  felt, 
gradually  increasing  in  size.  After  death  the  fractures  of  the  bonei 
were  found,  and  masses  of  new  bone  had  formed  in  the  capsnle  ol 
the  joints.  The  arthropathia  changes  occur  also,  however,  without 
injury,  and  are  probably  due  to  diaease  of  the  nerves,  which  notontj 
has  a  direct  trophio  influence,  but  also  renders  the  strnctam 
insensitive  to  the  Injurious  effects 
^  of  prolonged  tension  or  pressors 
(Botter).  When  jnoo-ordination  hst 
developed,  the  variations  in  the  mos- 
ciilar  contractions  involTfl  varying 
strain  on  the  ligaments,  especially  in 
the  case  of  joints,  as  the  knee,  that 
depend  for  part  of  their  support  on 
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the  muscular  tendons  that  pass  by  them.  The  knee-joint  maj  thus 
become  so  lax  that  when  the  patient  stands,  the  joint  may  become 
retroflexed,  as  in  Fig.  117.  Changes  in  the  tarsal  bones  and  articula- 
tions may  cause  the  foot  to  become  flat,  with  a  projection  inwards  or 
backwards  of  the  tarso- metatarsal  articulations,  and  of  the  (often 
enlarged)  tarsal  bones.  The  condition  has  been  called  the  **  tabetic 
club-foot,"  by  Charcot  and  F^r^.* 

Visceral  iymptoma  of  peculiar  character  occur  in  many  cases  of 
tabes. t  They  consist  almost  entirely  of  paroxysmal  disturbance  of 
function,  usually  attended  with  great  pain,  and  have  been  termed, 
by  the  French,  m«es,  with  qualifying  adjectiyes  according  to  the 
seat  of  the  symptom.  There  is  a  tendency  to  over-elaborate  this 
terminol(^.  The  most  frequent  seat  of  such  disturbance  is  the 
stomach,  and  these  attacks  are  called  gastric  crises.  They  consist  of 
paroxysms  of  severe  gastric  pain,  felt  in  the  epigastrium  and  often 
passing  through  to  the  back.  The  pain  is  accompanied  by  vomiting, 
with  or  without  nausea.  The  vomiting  is  often  incessant,  and  is  first 
of  food,  then  of  clear  liquid,  wliich  may  be  very  abundant ;  ultimately 
bile  is  vomited,  and  sometimes  blood,  which  may  be  altered  in  colour ; 
it  baa  been  ascribed  to  simultaneous  yaso-motor  disturbance  in  the 
mucous  membrane.  Retardation  or  irregularity  of  the  action  of  the 
heart  has  sometimes  attended  such  an  attack,  and,  rarely,  pyrexia  has 
been  noted.  I  have  known  frequent  hiccough  to  accompany  the 
vomiting.  Such  an  attack  lasts  for  some  hours  or  days,  and  then 
subsides,  to  recur  in  a  few  weeks.  During  the  intervals  the  functions 
of  the  stomach  may  be  performed  in  a  perfectly  normal  manner. 
Although  pain  and  vomiting  usually  occur  together,  some  patients 
haye  attacks  of  pain  without  vomiting,  and  in  others  there  is  yomiting 
without  pain.  Barely  there  is  nausea  alone.  A  temperate  man,  in 
the  early  stage  of  tabes,  suffered  during  three  years  from  frequent 
attacks  in  which,  for  several  days,  he  had  intense  nausea  each 
morning,  passing  away  in  the  afternoon,  and  succeeded,  in  the  eyening, 
by  an  inordinate  craving  for  food.  He  never  vomited  unless  he  made 
himself  do  so,  in  the  vain  hope  of  thus  obtaining  relief.  After  two 
years,  attacks  of  laryngeal  spasm  were  added  to  the  nausea. 

The  chief  intestinal  disturbance  is  constipation,  but  paroxysmal 
diarrhoea  has  been  supposed  to  be  of  vaso- motor  origin,  and  connected 
i^ith  the  disease  (Pierret).  Paroxysms  of  rectal  pain  (rectal  arises) 
may  occur,  and  may  be  accompanied  by  distressing  tenesmus,  some- 
times by  a  sensation  as  if  there  were  a  foreign  body  in  the  rectum. 

*  The  trophie  chanses  in  bone  and  joint  haTe  been  regarded  bj  tome  at  dm  pie 
dinmie  osteo-arthritii,  withont  carnal  relation  to  the  nerre  diteaae  in  their  rabjecta, 
but  the  evidence  ia  altogether  oppoeed  to  this  Tiew.  The  argnmenta  that  can  be 
sddneed  in  sapport  of  it  wiU  be  found  in  tome  of  the  speechea  delivered  at  a  dia- 
eoMioa  at  the  Clinical  Society,  Not.  and  Dec.,  1885. 

t  The  ooearrenoe  of  attacka  of  vomiting,  tometiuea  early  in  the  diseaie,  was 
painted  oat  by  Tnpinard,  but  thoufrht  by  him  to  be  a  mere  complication.  (Topinard, 
•De  I'ataaie  kKsomotrice,'  Pari%  1864^  p.  273.) 
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In  rare  cases,  paroxysms  of  pain  have  precisely  the  character  of  attacks 
of  renal  colic  (nephralgie  crises),  or  are  felt  in  the  neck  of  the  bladder 
or  along  the  urethra  or  at  the  meatus  (vesical  or  ureihral  crt«e«). 
These  may  be  attended  by  an  intense  desire  to  micturate,  although  the 
bladder  may  be  empty  and  only  a  few  drops  of  urine  may  be  expelled. 
In  one  patient  such  pain  was  repeated  several  times  an  hour,  and  each 
attack  lasted  for  several  days.  Blood  may  be  passed  after  an 
attack. 

Laryngeal  crises  are,  perhaps,  after  those  of  the  stomach,  the 
most  common.     They  vary  much  in  character.     The  most  common 
form  is  a  true  laryngeal  spasm,  with  noisy  inspiration  and  expiration, 
cough,  and  often  considerable  dyspnoea.     The  paroxysms  may  resemble 
those  of  whooping-cough  or  of  laryngismus  stridulus.     Pressure  on 
the  superior  laryngeal  nerve  at  its  entrance  into  the  larynx,  or  on  the 
trachea,   or  the  introduction  of  a  sound,  will  sometimes  induce  an 
attack.    The  spasm  may  last  for  a  quarter  of  an  hour  or  for  some 
hours,  but  rarely  continues  so  long  as  the  gastric  crises.     In  one  re* 
corded  case  the  spasm  spread  to  the  pharynx,  making  swallowing 
impossible ;  a  violent  attack  extended  to  the  muscles  of  respiration, 
and  the  patient  died  asphyxiated.     Death  from  these  attacks  is, 
however,  extremely  rare.     Paroxysms  of  rough  cough    have    been 
termed  '*  bronchial  crises  ;**  in  one  case  such  attacks  ceased  when  the 
patient  began  to  suffer  from  gastric  crises.     These  crises  are  often 
early  symptoms,  and  they  may  continue  for  many  years.     I  have  seen 
a  patient,  still  in  the  first  stage,  who  gave  a  history  of  gastric  crises 
during  the  preceding  eighteen  years. 

Comparable  to  these  paroxysmal  visceral  disturbances,  although 
very  different  in  character  and  more  alarming  in  aspect,  are  cerebral 
symptoms ;  but  these  are,  fortunately,  very  rare.  They  resemble  the 
attacks  that  are  common  in  general  paralysis  of  the  insane,  and  con* 
sist  of  transient  apoplectiform  seizui*es,  of  transient  hemiplegia,  or  of 
convulsions,  general  or  one-sided.  They  may  occur  early  in  the  course 
of  the  disease.  The  alarm  they  occasion  is  not  without  foundation, 
since  death  has  been  known  to  occur  during  an  attack  of  apoplectic 
aspect.  Occasionally  an  actual  lesion  occurs  (probably  thrombotic 
softening),  causing  persistent  hemiplegia.  Paroxysms  of  vertigo 
sometimes  seem  to  be  of  similar  nature,  but  they  more  often  depend 
on  derangement  of  the  auditory  nerve  or  labyrinth. 

Course  and  Termination. — It  is  convenient  to  divide  the  course  of 
the  disease  into  three  stages : — (1)  In  which  there  is  no  alteration  in 
gait,  the  common  indications  of  the  malady  being  the  loss  of  the 
kueC'jcrk  and  the  pains,  often  associated  with  loss  of  the  light-reflex 
of  the  iris,  and  unsteadiness  on  standing  with  the  feet  together  and 
eyes  shut.  (2)  That  in  which  there  is  distinct  affection  of  gait,  slight 
or  considerable,  but  in  which  the  patient  is  still  able  to  walk,  alone  or 
with  the  aid  of  one  or  two  sticks.  (3)  In  which  walking  is  possible 
ouly  with  the  aid  of  another  persion,  or  it  is  impossible  for  the  patient 
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to  walk  or  to  stand.  The  first  stage  is  not  always  present ;  inoo-ordi« 
nation  may  be  developed  simultaneouslj  with  the  loss  of  the  knee- 
jerk,  as  one  of  the  earliest  symptoms. 

The  course  of  the  symptoms  is  extremely  yariable.  The  inco-ordi- 
nation  usually  supervenes  gradually  in  the  course  of  months,  but  it 
sometimes  develops  very  rapidly.  I  have  known  it  to  become  extreme 
in  the  course  of  a  fortnight  from  its  onset,  after  the  first  stage  had 
existed  for  a  considerable  time.  The  epithet  "  progressive/'  given  to 
the  malady  by  Duchenne.  expresses  a  characteristic  of  a  large  propor- 
tion of  the  cases  in  which  ataxy  is  developed,  and  he  knew  no  other 
cases  of  the  disease.  The  inco-ordination,  once  developed,  often 
increases,  slowly  or  rapidly,  until  it  reaches  a  moderate  or  a  consider- 
able degree,  and  the  sensory  loss  shows  a  like  tendency.  The  pains 
seldom  correspond  to  the  other  symptoms  in  degree  or  course.  They 
are  often  very  severe  in  the  early  period  of  the  disease,  and  may  either 
lessen  or  continue  unchanged  as  the  loss  of  sensation  develops.  Their 
persistence,  even  in  severe  degree,  does  not  show  progress  in  the  disease ; 
onoe  set  up,  they  may  persist  for  years  without  any  increase  in  the 
other  symptoms,  and  seem  in  this  to  be  analogous  to  neuralgia,  being 
evidence  only  of  functional  activity  in  the  altered  nerves. 

The  power  of  recognising  the  first  stage  of  the  disease,  which  we 
owe  to  Westphal's  discovery  of  the  loss  of  the  knee-jerk,  has  enlarged, 
and  in  enlarging  has  to  some  extent  modified,  our  conception  of  the 
general  tendency  of  the  disease.  It  is  exceedingly  common  for  the 
first  stage  to  remain  stationary  for  a  long  time,  for  ten,  twenty,  and 
even,  in  one  case,  for  twenty -five  years,  if  the  duration  of  the  light- 
ning pains  may  be  accepted  as  proof  of  its  existence.  When  all  cases 
are  taken  together,  and  if  the  patients  are  subjected  to  careful  treat- 
ment, I  think  that  the  disease  shows  a  progressive  tendency  in  less 
than  one  half  of  the  cases. 

The  other  symptoms  also  do  not  always  progress  pari  jhusu.  Sen- 
sibility may  fail  although  inco-ordination  does  not  increase.  Con- 
Tersely,  the  ataxy  may  become  greater  although  sensation  remains  the 
same,  and  even  when  it  shows  a  distinct  improvement.  To  this  we 
shall  return  in  considering  the  pathology  of  the  disease.  Thus  a  patient 
had  slight  ataxy,  loss  to  pain  on  thighs,  legs,  and  trunk,  and  no  loss 
to  touch  or  temperature.  At  the  end  of  a  year  and  a  half  pain  was 
perceived  on  the  thighs,  and  sensibility  to  touch,  and  temperature  were 
still  normal,  although  the  ataxy  had  increased.  So  marked,  indeed,  is 
the  contrast  between  the  course  of  different  symptoms  in  some  cases 
that  it  suggests  a  certain  alternative  tendency.  We  have  seen  that  if 
optic  nerve  atrophy  develops,  the  spinal  symptoms  often  remain 
stationary,  and  this  is  also  true  of  visceral  crises ;  I  have  known  gastric 
erises  to  cease  when  inco-ordination  came  on.  In  one  patient  all  the 
symptoms  of  tabes  passed  away,  optic  nerve  atrophy  ceased  to  advanc-e, 
and  even  the  knee-jerk  returned,  when  the  patient  became  insane. 

The  rate  of  increase,  when  this  occurs,  Taries  much.     Sometimes  it 
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is  80  slow  that  the  ataxj  is  considerable  only  at  the  eod  of  seTeral 
years.  On  the  other  hand,  it  may  be  so  rapid  that  in  a  few  monthi 
the  patient  is  scarcely  able  to  walk.  More  commonly  the  coune  ii 
yariable ;  periods  in  which  the  disease  is  almost  stationary  alternate 
with  others  in  which  the  symptoms  increase  rapidly.  The  eiuuserba* 
tions  may  seem  spontaneous,  or  may  be  distinctly  excited  by  some 
prejudicial  influence — a  chill,  a  fall,  or  some  excess,  alcoholic  or 
sexual.  They  are  sometimes  very  acute;  a  marked  change  may  occur 
in  the  course  of  a  few  days,  or  even  in  a  few  hours.  Thus  I  haye 
known  a  patient  to  pass,  in  the  course  of  twenty-four  hours,  from  a 
condition  in  which  he  could  walk  fairly  well  to  one  in  which  he  could 
scarcely  stand.  Muscular  power  may  lessen  in  such  a  sudden  ezacer. 
bation,  or  the  increase  may  be  confined  to  the  special  symptom  of  the 
disease — the  ataxy.  But  all  such  cases  need  re-inyestigation  in  the 
light  of  the  facts  that  have  been  ascertained  regarding  the  participa- 
tion of  the  peripheral  nerves  in  the  process.  An  acute  exacerbation 
may  be  "  parenchymatous  "  in  nature,  seated  in  the  elements  either 
of  the  spinal  cord  or  peripheral  nerves.  The  great  difficulty  of  the 
problem  is  due  to  the  fact  that  there  may  be  a  myelitic  or  neuritio 
complication,  or  merely  an  acute  process  in  the  nerve-elements  in 
which  the  chronic  disease  was  in  progress,  and  similar  in  nature. 
It  may  be  extremely  difficult  to  determine  which  of  these  is  tlie 
cause  of  the  rapid  increase  in  the  symptoms.  The  conditions  thus 
developed  may  pass  away  again,  leaving  the  patient  on  a  Uttle 
lower  level  than  before,  or  they  may  persist  without  any  considerable 
recovery. 

There  is  nothing  in  the  nature  of  the  disease,  in  most  cases,  to 
produce  death.    The  only  direct  effect  of  the  malady,  which  has  ended 
life,  is  laryngeal  spasm  or  paralysis.     Even  the  gastric  symptonu, 
prostrating  as  they  are,  are  never  fatal.     Patients  who  have  reached 
the  third  stage  have  lived,  bedridden,  for  twenty  years.     I>eath 
often  results  from  intercurrent  maladies,  some  of  which  are  more 
dangerous  to  these  sufferers  than  to  others  because  they  may  develop 
painlessly,  and  attain  a  serious  degree  before  their  existence  is  sua- 
pected.     But  many  patients  die  from  indirect  results  of  the  disease. 
Kidney  complications  are  the   most  common ;  they  often  develop 
insidiously,  and  only  manifest  themselves  when  life  is  in  peril,  as,  for 
instance,  by  acute  febrile  symptoms,  the  exact  nature  of  which  may  be 
unsuspected  until  the  urine  is  examined.     I  have  known  a  patient^ 
still  in  the  first  stage,  die  thus  after  a  few  days'  illness.     Bedsores 
and  pysBmia  occasionally  cause  death,  although  far  less  frequently 
than  in  most  other  diseases  of  the  spinal  cord. 

Complications. — Occurring,  as  most  cases  do,  in  syphilitic  subjects, 
tabes  is  sometimes  complicated  by  true  syphilitic  lesions  of  the  brain 
or  cord,  generally  the  later  lesions,  such  as  gummata,  or  sudden  palsy 
from  the  disease  of  a  cerebral  vessel. 

Acute  or  subacute  myelitis  may  occur  during  the  course  of  the 
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disease  with  characteristic  symptoms.  Sucli  a  complication  must  not 
be  confounded  with  the  simple  acute  exacerbation  in  the  special 
symptoms,  which  sometimes  occurs  with  remarkable  rapidity. 

Other  system  diseases  of  the  cord  may  dovelop  as  complications  of 
tabes.  The  lateral  columns  may  be  diseased  with  the  dorsal  posterior 
columns,  giving  rise  to  "ataxic  paraplegia,"  but  this  is  a  distinci 
affection,  and  will  be  so  described.  Weakness  may,  howeyer,  be 
present  from  the  first,  or  may  supervene  slowly,  in  the  course  of 
tabes,  without  muscular  atrophy,  and  with  a  persistence  of  the  special 
symptoms  of  the  disease,  from  extension  of  the  morbid  process  to  the 
lateral  columns.  Another  occasional  complication  is  muscular  atrophy, 
both  the  local  atrophy  already  mentioned  (and  especially  frequent  in 
the  tongue)  and  general  atrophy,  such  as  is  met  with  in  the  pure 
spinal  form.  Thus  a  gentleman,  who  had  had  hemiplegia  from 
syphilitic  vascular  disease,  developed  the  first  stage  of  tabes — pains, 
loss  of  knee-jerk,  loss  of  the  iris-refiex,  and  slight  unsteadiness.  Be 
had  two  courses  of  mercurial  treatment  at  Aix-la-Gbapelle,  and  at  the 
end  of  the  second,  atrophy  began  in  the  muscles  of  the  hands,  and 
spread  during  two  years  until  almost  all  the  muscles  of  the  arms, 
shoulders,  and  back  became  extremely  wasted.  Local  muscular 
wasting  (according  to  the  researches  of  Dcjerine*)  is  usually  the 
result  of  degeneration  of  the  peripheral  nerves ;  it  is  generally 
symmetrical.  The  extensive  wasting,  as  in  the  case  just  men- 
tioned, is  probably  due,  as  a  rule,  to  degeneration  in  the  anterior 
comua. 

In  rare  cases  the  legs  present  the  symptoms  of  tabes,  whilo  in  the 
arms  there  is  the  jerky  inco-ordination  of  disseminated  sclerosis, 
and  the  co-existence  of  the  two  lesions  has  been  demonstrated. 

Another  very  important  and  frequent  complication  of  tabes  is 
general  paralysis  of  tho  insane.  The  two  diseases  have  many 
alliances.  It  is  probable  that  syphilis  predisposes  to  general  para- 
lysis, as  well  as  to  tabes.  Beflex  iridoplegia  is  common  in  both  diseases. 
The  two  maladies  are  often  combined,  and  the  symptoms  of  one  or  the 
other  may  preponderate.  Thus  many  general  paralytics  present  sjm- 
ptoms  of  tabes,  and  its  characteristic  lesion  is  found  after  death.  On 
the  other  hand,  cases  of  tabes  may  present  slight  symptoms  of  general 
paralysis,  perhaps  only  slight  optimism  and  mental  weakness,  which 
may  remain  subordinate,  or  may  increase  to  a  pronounced  and  pre- 
ponderant degree.  It  may  be  difficult  to  say  in  which  category  a  case 
should  be  placed.  It  is  sometimes  said  that  the  disease  may  com- 
mence as  ataxy,  and  may  change  to  general  paralysis,  but  a  more 
correct  expression  of  the  facts  is  the  co-existence  of  the  two  affections, 
and  the  dominance  of  the  symptoms  of  one  or  the  other. 

Of  complications  of  tabes  outside  the  nervous  system,  besides 
the  indirect  consequences  of  the  malady,  valvular  heart  disease  is  the 
most  important,  and  usually  develops  without  any  of  the  usual  ante- 

•  D^j^rine, '  Revae  de  M^./  1889. 
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cedents,  and  at  ma  ag«  it  w'nicb 
degeneration  ia  unlikely.  It  u  mt 
improbable  that  the  coincidenoa  ji 
reaUj  one  of  canae,  the  Talmlar  dit- 
eaae  being  the  result  of  a.  Bjphilitic 
procesa.  Other  complications  are  u 
rare  ae  onl;  to  deaerre  notice  vheo  i 
cauial  connection  can  be  traced  or 
reaaonabl;  auapected.  CoiuddeDt 
glycomria  haa  been  ascribed  to  so 
affection  of  the  medulla  oblongata 
(or  maj  be  produced  through  the  oer* 
rical  spinal  cord),  but  it  is  extreuelj 
rare. 

PatholooicjUj  Ajtatoht. — In  most 
cases  the  spinal  cord  preaents  changes 
TJsible  to  the  naked  eye.  The  postfr 
rior  columns  have  a  grej  translucent 
appearance,  which  is  due  to  the  lots  of 
the  nerre-fibres  and  to  an  increase  ol 
the  cooneL-tive  tissue  ("  gre;  degene- 
ration ").  The  whole  of  the  posterior 
oolumosmajbethus  changed,  or  only 
parts  of  them,  the  distribution  of  tlu 
Ttsible  alteration  being  that  of  the 
histological  changes  revealed  b*  tbe 
microscope  and  presently  to  be  de- 
scribed. In  the  hardened  oord  tbe 
difference  of  tint  in  the  diseased  arvu 
is  even  more  distinct  than  it  is  io  the 
fresh  organ.  The  posterior  columnt 
are  also  smaller  than  normal,  becaon 
Ibe  bulk  of  the  connective  tissue  ii 
less  than  that  of  the  normal  fibres; 
hence  tbe  shape  of  the  cord  is  slightly 
changed. 

FIS.  110.— LoMBoWr  ktsij  InTolvIng  tU 
1-f*  oaij.  BrUrasis  of  lb<  wbola  poatcrior 
ecJoBu  in  iht  lambu'  rpgion,  mdullj 
brctMiiof  limited,  is  the  lower  duml  ra- 
tion. Ml  ihe  mot-unr  in]  posterior  intrdUn 
co'.sma.  Tht  UtUT  only  u  rOecteA  id  tb« 
BiperhaUof  tbc  oord  (Mccndinic  Atgtatn- 
ti.«l.  Tb««uslio(iaiB|)ica<Hiad«gaMntloa 
is  Uk  uitw-lalcral  SMendiiig  tract.  Ui* 
1*  imtbrt  ftv»irr<m  tbt  Mt  At,  whila  Ui 
posL-tpediBB  df^nMraliini  it  gnats'  en  tb* 
ricfcti  i>  bamon^T   vith  the  fart  tltat  tb* 


■  vbid  do  Bot  dress- 
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In  a  lectiou  of  the  cord  Bt&ined  with  c&rmins  or  Btmilar  reaf^nt* 
and  ezAmined  under  the  microscope,  the  affected  areas  are  conspicuoiu 
bj  the  deep  ataining  of  the  ooanectiTe  tissue.  The  position  of  the 
cioesa  of  this  tissue,  of  the  "  sclerosis,"  as  it  is  termed,  indicates  the 
place  in  which  the  nerre-fibres  hare  degenerated.  In  the  most 
frequent  condition,  in  which  the  legs  onl;  are  affected,  the  scleroais 
occupies  the  whole  of  the  columns  in  the  lumbar  r^on  (Fig.  119), hut 
it  is  oftOD  slight  in  the  anterior  parts  of  the  postero-external  columns, 
which  may  even  be  free  from  sclerosis;  also  in  the  middle  of  these 
eolumos  man;  more  nerre-fibres  maj  be  seen  than  elsewhere.  The 
sclerosis  is  most  dense  in  the  part  adjacent  to  the  posterior  comn, 
throagh  which  the  posterior  root-hhres  run,  and  near  the  surface  of  the 
oord  (Fig.  119,  d12).  Aborethe  lumbar  enlargement  the  affection  of 
the  postero-ezternal  columns  gradually  ceases,  but  the  degeneration  is 
intense  in  the  postero-median  columns,  and  has  the  distribution  of  an 
ascending  degeneration,  as  it  in  fact  is,  receding  from  the  commissure 
in  the  opper  cerrical  region.  (Compare  Fig.  119  with  Fig.  74,  p.  177.) 
In  other  cases  the  external  band  of  sclerosis,  adjacent  to  the  coma, 
coQtinaes  separate  through  the  dorsal  cord  and  eren  through  the 
oenical  enlargement  (Fig.  120)  ;  the  median  d^eneratiou  then  extends 


rid.  ISO.— T*be«  irith  aUij  of  the  armi  m  wall  u  tlis  leg*.  SecUnn 
of  oord  In  eerrlcil  regioD,  ihowlns  iclsniiii  of  the  poit.-iiied.  oolanm 
and  foot-soiM  «f  po*t.-*sL  col.     Di^<D«ratioD  of  left  >nL  comQ. 

up  to  the  commissure  throughout  the  cerrical  region,  just  as  does  the 
secondary  degeneration  that  results  from  a  cerrical  lesion  (see  Fig.  76, 
p.  178).  But  ia  the  cervical  enlai^ment,  the  unaffected  area  in  the 
anterior  part  of  the  postero-extemal  column  is  usuaUy  much  lai^r 
than  in  the  lumbar  eulai^emeut. 

In  rare  oases,  of  severe  and  long  duration,  the  posterior  columns  are 
occupied  by  conaective  tiaaue  in  their  whole  extent  from  one  end  of  the 
cord  to  the  other.  A  few  fibres  of  the  posterior  roots  and  a  few 
vertical  fibres  near  the  commissure  may  alone  be  recognisable.  An 
instance  of  such  almost  complete  sclerosis  is  shown  in  Fig.  121. 

Od  the  other  hand,  in  slight  cases,  in  which  the  disease  is  still  in  the 
first,  or  in  the  oommencement  of  the  second  stage,  the  sclerosis  is 
moderate  in  degree,  even  in  the  i^ions  of  the  cord  most  afEected. 
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The  BepMrntion  of  the  ■deroeed  Mvm  in  the  poateru-exterDsI  and  t!i« 
postero-medittn  colunms  miijb« 
dJBtinct  tbronghout  the  oonj, 
except  in  the  lumhar  ealarge- 
ment,  where  the  mediaa  d^eiie< 
ratJOD  eip&nds  Into  the  ext^nt&l 
colnmn.  The  icleroau  of  tLe 
postero-extemal  columu  ii  then 
lun&lljr  limited  to  the  root-tone, 
and  T&riea  in  width,  accordiog 
to  thut  of  the  area  throufih 
which  the  root-fibres  past.  In 
the  doml  region  there  is  nni- 
all;  a  narrow  band  of  aderocii 
close  to  tbe  poiit«rior  comn  ;  in 
the  latnbar  regiou  it  reAcfati 
almost  to  the  median  septnm. 
In  some  instances,  however,  s 
veij  slight  degree  of  scleroui 
eztmds  from  the  most  affected 
trai'ts  through  the  rest  of  th« 
ooltrmns,  and  is  generally  great- 
est in  their  posterior  half.  Iliii 
condition  existed  in  tbe  very  in- 
Btruatire  case  shown  in  Fig.  122. 
The  intensification  of  this  dif- 
fose  sclerosis  in  the  root-zone 
and  median  columns  is  very  dis- 
tinct, altboagh  the  affet-tion  of 
tba  latter  is  nnusually  slight 
There  is,  moreoier,  in  the  doiul 
region,  sclerosis  of  another  part 
of  the  postero-eiternal  oolunm 
—the  comma-shaped  tract  of 
short  fibres,  which  degeucnites 
downwards  for  a  few  ioches 
below  a  traDBTerce  lesion  of  the 
oord  (see  p.  181  and  Figs.  7ff 
and  106,  r).  It  is  most  distinct 
in  122  at  d  8,  but  can  be  traced 
np  to  tbe  cervical  region,  where 
its  form  is  changed. 

The  tract  of  fine  fibres  of  the 

posterior    root,   discorered   by 

Lissauer,  is  generally  diseased.* 

*  It  wu  lint  dneribrd  by  Limner 

S  coDDection  with  iti  diiesie  in  tabeii 


FlO.  121. — LoenmriOTaUTjt  extmns  tn< 
eoHirdiiiatioa  lad  aneitbaia  in  both 
tnaa  sad  l«n;  the  poatcrior  oolnmni 
are  eelaroMd  tlircu^boat  tba  cord  in 
thrir  •ntire  ritent  A,  upjwr  cervical. 
B.  C.  D,  d»r«1,  K,  lumlMr  rrgioni.  Id 
D  there  ii  alio  ■ome  deccnenCiouof  tha 
intarmediala  i 
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Tb«  antoro-Uteml  colamnt  mfty 
be  perfectlj  normal,  eren  when  tbJs 
diwsM  of  the  posterior  colmniu 
U  gi«at  Often,  however,  in  old 
CMea,  there  is  &  slight  general 
increase  of  the  coimectira  tiune 
throughout  the  cord.  Sometimei 
there  ia  distinct  sclerosis  of  other 
definite  tracts  e.  g.  of  the  ascend- 
ing anterO' lateral  tract  (as  in  Tig. 
119),  or  of  the  direct  cerebellar 
tract.  In  rare  cases  there  is  a 
distinct  degeneration  of  the  pyra^ 
nidal  tracts.  Ttie  whole  peripherj 
of  the  ante ro- lateral  column  is 
tbns  occasionally  the  seat  of  scle- 
rosis, the  oonneoUTe  tissue  ex- 
tending in  from  the  pia  mater, 
which  is  uauallj  also  thickened; 
it  is  probable  that  this  coudition 
aukj  be  solely  the  result  of  the 

ft*,  laa,— Loco.  AMixj  iLiEaoaiB  or 
rosTsaiOB  coldshb. — [d  L  1  tha  poc 
terior  portion  of  both  poit.-med.  «o1. 
and  poit.-Bii.  cot.  i(  dcDMlj  Kleroied, 
bnt  In  froDt  only  thi  paet.-nied.  col.  At 
D  10  tlie  icIeRMii  ii  klM  general,  bat  Ii 
denM  odIj  in  the  root-ioiie  ol'  tha  port.- 
•xt.  coL  At  D  8  ind  D  4  the  chkng« 
U  ilight,  except  in  tbne  ireu,  tfaa  root- 
loDC,  tba  middle  part  of  thi  poit.-med. 
«dL,  and  tbe  comma-ihaped  tract  in  the 
front  of  tbe  poit.-eit.  col.  At  U  1  t1i* 
•omina-abap«l  tract  1«  nanoir,  and  la 
C  7  it  mei^ei  in  a  band  ot  loleroiU, 
wbieb  boun&  tbe  anterior  part  of  the 
noat-med.  col.  There  ii  a  little  dilfiuo 
■cleroaiatfaroagh  thereat  of  the  colamn. 
and  in  the  flnt  doml  there  i*  loina 
deKcneration  of  the  anterior  cornna.— 
Sjinptoini  of  the  Snt  itage  had  exitted 
for  fnnr  your*  (lii;litnin^  puna,  iliglit 
analgetia,  lou  of  knee-jerk  and  iri>-re> 
tei,  gastric  oriit*.  opUe  nerve  atrophy). 
A  few  weeki  before  d«th,  tbe  \tgi 
gmduallj  became  paraljrted,  and  the 
anna  ataiie  ;  retention  of  urine  eauaed 
■ente  kidnty  miiebief,  which  waa  the 
immediate  uuaa  of  death.  N<)  leaion 
waa  foand  atler  death  to  ei)ilaiu  ths 
anbacnte  par^lyoia  but_  the  pcrlplieral 

eaM  being  tlien  nnkni>wD. 
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primarj  degeneration  of  the  nerve-fibres  even  when  it  closelj  simnlal 
the  aspect  of  meningitio  invasion. 

In  slight  cases  it  is  difficalt  to  distinguish  any  changes  in  the 
matter  of  the  cord,  although  it  is  probable  that  tbere  is  some  &^^P^^i 
of  the  nerve-cells  and  fibres  in  the  posterior  horn  in  many  c&^^^^' 
Yarious  structural  changes  can  be  discerned  in  more  advanced  <^&*«.^„^^^ 
(as  Lockhart  Clarke  first  showed),  and   the  posterior  commisa^  ^  ' 
may  be  reduced  in  size.     The  posterior  vesicular  column  also  sb^^ 
distinct  degeneration  in  many  cases.     Some  atrophy  of  the  pl^^^r 
of  fine  fibres  contained  in  this  column  is  said  to  be  almost  invarL^/,/^ 
(Lissauer),  but  frequently  the  cells  and  vertical  fibres  waste,  aD(f 
sometimes  only  a  few  shrunken   cells,  scattered  through  a  trans- 
lucent  nucleated  tissue,  may  remain.     The  atrophy  of  the  cells  is 
said  to  be  especially  associated  with  sclerosis  of  the  direct  cerebellar 
tract;    also  (but  on   slighter  evidence)  with  that  of  large  fibres  in 
the  pyramidal  tract,  which  do  not  degenerate  downwards.     When 
the  cells  are  unaffected,  although  the  intervening  substance  is  dis- 
eased, the  cerebellar  tract  may  be  normal,  and   the  fibres  passing 
to  it  from  the  front  of  the  vesicular  tract  may  be  unaffected.    The 
degeneration  of  the  grey  matter  often  extends  into  the  intermediate 
region  between  the  cornua  (Fig.  121,  b)  ;   the  intermediate  lateral 
tract  of  cells  may  be  atrophied,  and  occasionally  even  the  anterior 
cornu  and  its  cells  suffer  in  a  similar  way  (Figs.  120,  122,  d  1). 
As  we  have  seen,  this  change  may  be  the  cause  of  muscular  atrophy, 
although  in  other  instances  the  muscular  wasting  depends  on  altera- 
tions in  the  motor  nerves. 

The  sclerosis  varies  considerably  in  its  histological  characters.  In 
slight  cases,  there  is  merely  a  moderate  thickening  of  the  trabeculse 
and  their  branches.  The  larger  tracts  are  more  fibrous  than  normal, 
and  more  nuclei  are  seen  than  in  health.  Everywhere  the  new  growth 
of  connective  tissue  proceeds  chiefly  from  the  pre-existing  tracts, 
vessel-walls,  &c.  When  the  change  is  considerable,  the  trabeculse  are 
very  broad,  and  areas  seem  to  consist  wholly  of  connective  tissue, 
fibrillated  and  nucleated.  In  old  cases  there  is  sometimes  little 
appearance  of  fibrillation  in  the  most  affected  region;  cells  and 
thickened  vessels  lie  in  a  granular  or  homogeneous  tissue.  From  the 
parts  most  changed,  the  nerve-fibres  have  wholly  disappeared ;  in  other 
parts,  however,  close  examination  reveals  many  fibres  narrower  than 
normal,  and  many  stained  points  that  may  possibly  be  axis-cylinders. 
The  walls  of  the  vessels  are  usually  increased  in  thickness,  sometimes 
to  a  very  considerable  degree.  The  coat  next  the  endothelium  may  be 
thickened  and  contain  many  nuclei,  but  the  chief  increase,  in  most 
cases,  is  in  the  outer  coat  and  adventitia,  whence  the  tracts  of  tissue 
pass  off  into  the  adjacent  region.  The  pia  mater  is  sometimes 
thickened  over  the  posterior  columns ;  the  vessels  in  it  may  then  be 
similarly  changed.  The  alteration  in  the  membrane  may  extend  over 
the  neighbouring  part  of  the  lateral  column,  and  even  around  the 
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oord  (Fig.  123),  and,  as  already  stated,  septa  passing  from  it  into  the 
«ord  maj  tw  thickened  in  the  circumferential  tone.  This  peripheral 
■eleroeis  is  probably  the  result  of  three  distinct  prooesaes,  the  relative 
share  taken  by  each  yatying  in  different  cases :  (a)  a  primary  degens- 
ratioQ  of  the  peripLeral  ascending  tracts;  (h)  a  process  of  ohronie 


Fib,  123.— TsV*.  Chronlo  mvninfnt!*.  Cenieal  region.  Sclcroaii  at 
pg*t.-iii«duui  colomoi  nnd  ilight  diffnia  icleniua  of  the  cord,  leaat  la 
■nt.  eol*.,  daoM  In  the  right  Iktaral  column  Thickened  pu  mat«r, 
and  dimkg*  to  labjaoant  idperSciU  bjer  of  tha  cord 

mteratitial  myelitis,  spreading  from  the  pia  mater,  which  is  the  seat 
of  an  inflammatory  tissue  formation ;  this  may  cause  (e)  a  secondary 
ascending  degeneration  in  the  fibres  affected  in  the  first  process. 
It  is  important  to  recognise  this  oompluztty  of  mechanism. 

In  cases  of  rapid  course,  products  of  degeneration,  masses  of  myelin 
and  granule-corpuscles,  may  be  found  in  the  affected  parts,  when  these 
are  examined  by  apjiropriate  methods. 

In  rare  cases  other  leeions  are  found  in  the  cord,  corresponding 
to  the  complications  already  described.  The  lateral  oolamns  may  be 
•elerosed  apart  from  any  thickening  of  the  membranes.  Diffiue 
myelitis  may  be  met  with,  and,  occasionally,  characteristio  insular 
sclerosis  has  been  found  in  the  cerrical  region. 

The  posterior  nerve-roots  may  appear  normal  in  slight  casee ;  it 
must  be  remembered  that  only  a  considerable  d^ree  of  alteration  can 
be  detected  even  by  the  microscope.  Often  their  disease  is  oon- 
spicuons ;  when  the  cord  is  much  affected  they  are  invariably  affected, 
and  may  be  atrophied,  grey,  and  thin,  to  the  naked  eye,  while  the 
microscope  shows  wasting  of  the  nerve-fibres  and  slight  increase  of 
oonoective  tissne.  The  changes  extend  to  the  ganglia,  where  they  ceaM. 
These  structures  are  almost  alwajs  normal,  and  the  mixed  nerve  imme- 
diately beyond  tbem  is  usually  free  from  d^eneration.  The  anterior 
oerve>roots  are  altogether  normal,  except  in  the  rarecases  in  which  the 
anterior  oomua  have  suffered,  and  then  some  of  their  fibres  may  be 
degenerated, and  the  atropbied  fibres  may  be  traced  also  in  the  mixed 
nerve-trunk  beyond  the  junction  of  the  roots. 

The  peripheral  spinal  nerves  have  been  found  degenerated  and  in 
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Tuioua  degrees  ot  atrophy  in  a  large  number  of  catesof  tabea.*  Tba 
change  conBists  in  a  waiting  of  the  nerTe-fibres,  beginning  in  the 
white  snbBtaDoe.  which  maj  be  reduced  to  a  tctj  narrow  la,Ter. 
Ultimately  the  axis-cylinders  perish  ;  they  are  said  to  present  irre- 
gnlar  swellings  when  the  sheath  begioa  to  waste. f  There  may  be  a 
slight  increase  in  the  interstitial  tissue  and  nuclei,  but  the  change  (om- 
menoes  in  the  narTe-fibres  themselves.  The  degeneration  is  greatest 
in  the  terminal  nerve -filaments,  and  lessens  in  degree  as  the  nerres 
ore  examined  higher  up,  gradually  ceasing  in  the  larger  trunks,  and 
before  the  plexuses  or  oorresponding  main  divisiona  are  reached,  the 
fibres  are  almost  always  healthy.  The  sensory  fibres  seem  to  be 
exclusively  affected.  The  lesion  has  hitherto  been  found  chiefly  in 
the  sensory  nerves  that  supply  the  skin  and 
joints,  but  that  the  sensory  nerves  of  muscle 
undergo  a  similar  change  has  been  ascer- 
tained by  Dcjerine.  It  is  probable  that 
thfse  afferent  muscle  nerves  are  invariably 
diBeased,  especially  the  fibres  concerned 
rT/^  in  conducting  the  impressions  that  guide 
r-/  ^  ,1  co-ordination,  spinal  and  c«rebellar, — on  the 
I  =^'iK  \- 1  former  of  whidi  the  knee-jerk  depends,  ac- 
'j  ^1,*'     ]     coi'ding  to   the   theory   maintained    by   the 

J  , .        '     writer.     1'he  detection  of  this  degeneration, 

i?  ^  V-, '      !    among  the  unchanged  motor  fibres  of  the 

nerves,  is  very  difScult,  and  this  explains  the 
jiaucity  of  evidence  of  it.  The  peripheral 
degeneration  is  found  most  commonly  in  the 
legs,  but  is  met  with  also  in  the  arms  when 
these  are  the  seat  of  symptoms.  The  change 
in  the  nerves  beurs  no  relation  to  that  m  the 
spinal  Curd  in  degree,  or  even  in  existence, 
lor  extreme  alterations  have  been  found  in 
the  nerves  when  the  cord  was  quite  normal. 
On  the  other  hand,  in  some  cases,  the  nerves 
have  been  healthy. 
Pro.  124.— OueoDi  Iriiont  The  Optic  nerves,  when  atrophied,  present 
iDtabei.  (ArurCUrcot.)  wasting  of  the  nerve-fibres,  and  usually  s 
tifti'^^tL'''n''K^t^    remarkable  increase  in  the  interstitial  con. 


of  the  trnur.  B.  Eicoi- 
■Iva  formation  of  csllni  nective  tissue,  which  constitutes  thick  tracts, 
«ft*»  »o-c«lled  ■'•pontt-  Qt  gelatinous  aspect.  Dezeneration  of  the 
nMia."   fracture   of   the  *   ,.  j  ,-  i        .    ^l      £(.». 

olDK>ndT«d>u«.  ascending  or  descending  roots  of    the  fifth 

nerve  baa   been   repeatedly  found    (first  by 
ffestphal  in  1864)  in  cases  in  which  symptoms  were  present  in  the 

•  The  flr»t  obwrvation  w>i  mude  bj  VVeelphiil,  but  the  eitent  and  «igniflcanc*  of 
the  rhangv  in  the  ncrvM  wai  pointed  out  by  I'ierret  (ISSO),  and  hia  obeervatiaD  wai 
anon  iftfr  roiiflrined  and  extended  by  D^j'rine  and  Pitre*. 

t  Scfamaui,  •  Deut.  Arch.  f.  klia.  Med„'  181M. 
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area  of  its  distribntioii.     Similar  changes  in  the  roots  or  nuclei  of 
other  cranial  nerres  have  also  been  fonnd. 

Pierrot  has  described,  as  common  in  cases  with  tsso* motor  and 
risceral  symptoms,  a  degeneration  of  the  intermedio-lateral  tract  and 
adjacent  Derre-fibres  in  the  upper  part  of  the  cord,  traceable  up  the 
medulla  oblongata  in  the  region  of  the  so-called  *'  slender  column," 
juljacent  to  the  accessory,  glosso-pharrngeal,  and  pneuraogastric  nuclei, 
from  which  it  is  supposed  that  the  chief  Tisceral  and  yaso-motor 
influences  are  exerted.  The  sympathetic  has  been  examined  in  scTeral 
casesy  and  found  healthy,  with  one  exception,  in  which  the  sympa- 
thetic on  the  left  side  of  the  neck  was  degenerated  in  association  with 
left  exophthalmos. 

In  the  diseased  bones  or  joints  conspicuons  changes  are  found 
sifter  death.  There  is  occasionally  an  extraordinary  wasting  of  the 
surticular  ends  of  the  bones,  which  seems  to  begin  by  rapid  erosion  of 
the  cartilages,  extending  quickly  to  the  bone  beyond,  the  extremitT  of 
which  may  be  much  reduced  in  size  and  altered  in  form.  In  the  hip- 
joint»  for  instance,  in  a  case  recorded  by  Charcot,  the  edges  of  the 
acetabulum  had  been  removed,  and  the  whole  of  the  head  of  the  femur 
and  most  of  the  trochanter  had  disappeared  (Fig.  124). 

Similar  changes  have  been  found  in  most  of  the  larger  joints.  In 
the  bones,  the  compact  tissue  has  been  found  thinner  and  more  porous 
than  normaL  At  the  seat  of  old  fractures  a  large  amount  of  bony 
callus  is  formed  (Fig.  124).  and  sometimes  new  bone  is  found  in  the 
capsule  of  joints  that  have  been  injured. 

Patholoot. — ^The  great  fact  of  the  pathology  of  tabes  is  that  it  is 
a  neural  degeneration  in  the  sensory  nervous  system,  peripheral  and 
eentraL  In  both  peripheral  nerves  and  spinal  cord,  the  incidence  of 
the  disease  is  almost  exclusively  on  the  structures  concerned  in  affe- 
rent conduction.  The  cerebral  system  saffers  in  far  less  degree  than 
the  spinal,  and  in  more  irregular  manner,  but  in  the  occasional  peri- 
pheral degeneration  of  the  optic  nerve,  and  the  central  changes  in  the 
roots  of  the  fifth,  we  may  trace  the  same  law  of  distribution.  It  is 
less  dominant,  however,  than  in  the  spinal  system,  since  some  of  the 
cranial  nerve  symptoms  are  exclusively  motor.  The  motor  character 
of  the  leading  symptom,  ataxy,  is,  as  we  shall  see,  only  an  apparent 
and  not  a  real  exception  to  the  general  sensory  character  of  the 
malady. 

The  degeneration  commences  in  the  nerve-elements  themselves; 
the  overgrowth  of  connective  tissue,  which  gives  to  the  lesion  its 
obtrusiTe  character,  is  secondary.  This  fact  has  been  observed  in 
the  peripheral  nerves ;  as  regards  the  spinal  cord  it  rests  on  inference 
scarcely  less  certain.  That  it  is  true  of  the  spinal  cord  has,  indeed, 
been  doubted,  chiefly  on  the  ground  of  the  thickening  of  the  walls  of 
the  vessels  seen  in  some  cases,  and  the  manner  in  which  the  increase  of 
tissue  seems  to  start  from  them.  But  the  "  system  "  character  of  a 
disease,  the  limitation  of  a  wide- spread  lesion  in  its  early  stage  or  slight 
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degree  to  structures  havinsr  a  common  f  unction,  is  probably  in  all 
cases  proof  of  its  neural  origin,  L  e.  its  origin  in  the  nerre-elementt 
themselves.  In  tabes  the  eyidence  thus  afforded  is  corroborated  bj 
the  disease  of  the  peripheral  nerves,  which  unquestionably  commences 
in  the  nenre-fibres,  and  by  the  partial  character  of  the  sensory  loss, 
which  means  the  limitation  of  the  chief  lesion  to  fibres  of  one  sensory 
function.  There  is  every  gradation,  moreover,  between  the  cases  in 
which  the  perivascular  disease  is  gre&t,  and  those  in  which  it  ii  so 
slight  that  there  is  nothing  to  suggest  a  primary  interstitial  process. 
The  change  in  the  vessels  may  reach  a  high  degree  in  the  poste* 
rior  median  columns  when  their  degeneration  is  purely  secondaiy, 
and  certainly  commences  in  the  nerve-fibres;  a  similar  thickening  of 
the  vessels  has  also  been  met  with  in  secondary  degenerations  in 
other  parts.  It  is  most  important  to  remember  that  the  over- 
growth of  the  neuroglia  is  a  pathological  process  of  growth  distm- 
guishable  (and  to  a  large  extent  distinct)  from  the  degeneration  of 
the  nerve-fibres  that  excites  it.  It  may  vary  in  degree  in  different 
cases,  and,  even  in  the  secondary  degeneration  of  peripheral  nerves, 
may  assume  an  independent  inflammatory  character.  Once  excited, 
the  energy  of  tissue-growth  may  be  in  some  degree  independent  of  its 
cause.  Secondary  vascular  disturbance  may  attend  it,  and  thus  a  sub- 
inflammatory  condition  (or  even  true  inflammatory  condition)  ii 
probably  sometimes  developed,  which  may  invade  the  pia  mater,  and 
through  this  may  spread  widely. 

The  chief  causal  fact  regarding  the  disease  is  its  common  relation 
to  syphilis.  Tabes  is  generally,  although  not  invariably,  a  post- 
syphilitic disease ;  certain  elements  of  the  nervous  system  degenerate 
in  consequence  of  the  influence  on  them  of  previous  or  present 
syphilis.  But  these  elements  have  a  special  liability  to  degenera- 
tion, which  causes  their  nutrition  to  fail  from  other  causes,  and 
may  also  constitute  their  special  susceptibility  to  suffer  from  the 
virus  of  syphilis.  The  usual  symmetiy  of  tabetic  lesions  indicates 
that  the  mechanism  by  which  syphilis  affects  the  nervous  system  is  a 
blood-state.  The  manner  in  which  the  peripheral  nerves  suffer  in 
many  cases,  brings  tabes,  in  spite  of  its  chrouicity,  into  analogy  with 
the  more  acute  forms  of  peripheral  neuritis,  such  as  succeed  acute 
specific  diseases  at  a  variable  interval.  The  long  interval,  moreover, 
and  the  common  slowness  of  the  process  in  tabes  when  a  sequel  of 
syphilis,  are  only  in  proportion  to  the  chronicity  of  the  causal  malady, 
compared  with  the  acute  specific  diseases  that  have  neuritic  sequela. 
Further,  the  considerations  mentioned  in  the  account  of  multiple 
neuritis,  which  suggest  that  its  immediate  cause,  when  it  is  due  to 
an  acute  blood  disease,  is  a  product  of  the  growth  of  the  org^anisms 
of  the  primary  malady,  rather  than  the  organisms  themselves,  hold 
good  also  in  the  case  of  syphilis  and  tabes.  The  degenerative  changes 
in  the  nervous  system  differ  from  the  lesions  of  active  syphilis,  both 
in  character  and  in  time,  in  such  a  way  as  to  nuLke  the  assumption 
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reasonable  that  tbej  depend  upon  some  product  of  the  growth  of  the 
syphilitic  orgaDisms,  a  product  which  may  possibly  be  a  chemical 
tubstanoe — a  suggestion  first  made  by  Strumpell,  and  widely  held 
regarding  other  analogous  maladies.  Recent  research  is  bringing  into 
ever  greater  prominence  the  important  part  played  by  such  products 
in  the  generation  and  course  of  diseases.  In  the  specific  diseases 
that  have  these  sequelss,  there  may  be  more  than  one  such  product  of 
their  organisms,  causing  more  than  one  kind  of  consequence.  The 
differences  between  sucb  nerve  degenerations  as  those  of  tabes,  and 
other  late  effects  of  syphilis,  is  at  least  not  difficult  to  comprehend 
on  this  hypothesis ;  neither  is  the  fact — which  has  been  so  great  a 
difficulty  to  many —that  the  treatment  which  has  so  speedy  an  effect  on 
syphilis  itself,  is  generally  without  influence  on  the  degenerative  pro- 
cesses that  sometimes  follow  it. 

Tabes  is  probably  a  rare  sequel,  when  regarded  from  the  side  of 
syphilis.  But  the  occurrence  of  such  consequences  in  some  instances, 
and  not  in  others,  has  analogies  in  the  case  of  almost  all  the  acute 
specific  diseases  that  have  similar  sequelea,  and  must  be  taken  as 
eridence  of  variations  in  the  precise  character  of  the  primary  disease. 
The  Tirus  of  the  primary  malady  is  doubtless  organism al,  and  such 
variations  are  familar  to  us  in  the  case  of  other  diseases.  They  some- 
times have,  and  at  other  times  have  not,  consecutive  effects  upon  the 
nervous  system,  as  in  the  familiar  instance  of  diphtheria.  The  varia- 
tions in  the  character  of  the  organisms,  and  in  their  effects,  may  be 
relatively  great,  although  entirely  beyond  onr  present  powers  of 
.observation. 

These  considerations  receive  a  notable  emphasis  from  the  occur- 
rence of  tabes  in  children  who  are  the  subjects  of  inherited  syphilis, 
to  whom  the  disease  in  early  life  is  probably  confined.  The  fiict 
also  shows  how  potent  must  be  the  part  plajed  by  the  agent* 
compared  with  the  susceptibility  that  is,  as  it  were,  the  causal  comple* 
ment — a  fact  seen  also  in  the  raritv  of  cases  of  tabes  in  which  syphilis 
can  be  absolutely  excluded* 

The  pathological  facts  already  known  enable  us  to  understand  many 
of  the  symptoms  of  the  disease.  There  may  be  an  interruption  of  the 
sensory  path  in  one  or  both  of  two  places,  in  the  peripheral  nerves, 
and  in  the  posterior  root- fibres  as  they  enter  the  cord,  and  an 
interruption  of  the  fibres  in  either  place  will  explain  the  loss  of 
sensibility  which  is  so  frequently  pi-esent.  The  pains  may  reasonably 
be  ascribed  to  the  molecular  changes  in  the  nerve-fibres  and  their 
altered  function,  either  in  the  periphery  or  in  the  cord.  The  intensity 
of  a  sensation  is  no  measure  of  that  of  the  process  that  causes  it. 
Whether  the  affection  of  the  sensory  cells  of  the  cord*  takes  part 

*  In  distfAse  of  the  nenre*  roots  of  the  cauda  equina  there  u  always  aicending 
degeneration  of  the  posterior  median  colnmns,  bat  not  of  the  antero-latersl  ascend- 
ing tract.  Henee  the  root-fibres  from  which  the  path  is  continued  by  this  tract 
muAt  end  in  nerve-cells  in  the  posterior  comoa,  and  the  degeneration  of  tliis  traol 
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in  the  production  of  the  aneastbesia  and  pains,  we  cannot  tell.  It 
is  noteworthy  that  the  affectioa  of  the  peripheral  nerres  must  invohe 
the  structures  bj  which  the  nerve-impulses  of  sensation  are  normally 
generated  by  mechanical  and  other  processes.  The  long  persistence 
of  pains  without  any  increase  in  the  symptoms,  shows  that  they 
may  be  due  to  the  action  of  structures  that  are  changed,  but  not 
changing.  The  loss  of  reflex  action  from  the  skin  is  explained 
by  the  interruption  of  the  sensory  path,  and  an  increased  irrita- 
bility of  the  sensory  nerves,  the  result  of  the  commencing  degene- 
rative changes,  sufficiently  explains  both  the  hypersssthesia  and  the 
increase  of  reflex  action  sometimes  observed.  Whatever  theory  of  the 
nature  of  the  so-called  "  tendon-reflex  *'  action  is  held,  the  loss  of  the 
knee-jerk  must  be  explained  by  an  interruption  of  the  sensory  path. 
On  the  theory  I  have  advanced,  the  arrest  of  impressions  from  the 
afferent  muscular  nerves  abolishes  the  muscle-reflex  action  on  which 
the  local  irritability  depends.  Many  other  facts  of  disease  show  that 
this  irritability  is  easily  lost,  and  that  a  very  slight  change  in  any 
part  of  the  reflex  arc,  too  slight  to  cause  other  symptoms,  is  sufficient 
to  arrest  the  knee-jerk.*  Hence  we  can  understand  that  this  loss 
should  be  constant  and  early.  It  is  not  improbable,  moreover,  that 
these  nerves  suffer  in  special  degree.  The  muscles  may  be  insensitive 
to  pain,  e.g.  that  of  electrical  stimulation.  Pressure  and  extension, 
which  in  health  are  painful,  sometimes  cause  no  sensation,  even  when 
the  skin  is  sensitive. 

The  mechanism  of  the  muscular  inco-ordination,  which  is  the 
obtrusive  symptom  of  the  disease,  has  been  the  subject  of  much  dis- 
cussion. Two  fundamental  facts,  however,  limit  the  problem.  First, 
the  ataxy  cannot  be  primarily  due  to  the  loss  of  cutaneous  sensibility. 
Disease  of  the  conducting  path  in  the  cord  may  cause  absolute 
aneasthesia  of  the  skin  without  the  least  ataxy.  Although  this  does 
not  prove  that  interruption  of  the  sensory  path  in  the  nerves,  between 
the  sldn  and  the  reflex  centres,  may  not  cause  inco-ordination,  this 
element  seems  to  be  excluded  by  the  face  that  there  is  no  relation 
between  the  ataxy  and  the  loss  of  feeling  in  the  skin.  There  may  be, 
in  tabes,  much  ataxy  without  any  cutaneous  anaesthesia,  and  vice 
versd.  The  second  fact  is  that  ataxy  may  exist  in  considerable  degree 
when  the  lesion  is  solely  one  of  the  peripheral  nerves,  and  the  pos- 
terior columns  of  the  cord  are  free  from  disease.f  These  two  facts, 
taken  together,  seem  to  show  that  the  ataxy  may  be  produced  by  one 

!n  tabes  Is  proof  of  the  degeneration  of  these  tensory  colli.  See  the  '  Lancet,' 
June  19,  1886. 

*  E,ff,  it8  loss  nftcr  diphtheria  when  there  are  no  other  lymptoms. 

t  Apart  from  the  evidence  of  this  from  cases  of  trae  tabes,  a  very  initmctivecase 
has  been  recorded  by  Dr.  Hug^hes  Bennett,  in  which  all  the  iymptomi  of  tabet  were 
present  in  a  case  of  multiple  tumours  of  the  posterior  nerve«rooti  ('Clinical  Soe. 
Transactions,'  vol.  xviii).  Ataxy  has  also  resulted  from  other  processes,  such  ai 
injury,  thnt  hiive  caused  extensive  damage  to  the  posterior  roots  alone. 
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mechanisniy  even  operating  alone,  the  disease  of  tbe  afferent  muscle* 
nerves.  If  the  loss  of  the  knee-jerk  in  tabes  is  to  be  taken,  as  I 
believe  it  may,  as  an  indication  of  the  disease  of  these  norves,  the  con- 
stancj  of  the  loss  shows  the  constancy  of  the  presence  of  this  element, 
in  some  degree.  As  just  stated,  a  very  slight  degree  of  disease  may 
abolish  the  knee-jerk ;  it  is  probable  that  a  greater  degree  is  needed 
to  cause  inco-ordination,  and  a  still  greater  change  to  produce  actual 
insensibility  to  pressure  or  extension. 

In  unilateral  lesions  of  the  spinal  cord,  as  we  have  already  seen  (p. 
229),  there  may  be  loss  of  the  sense  of  posture,  with  intact  cutaneous 
lensibilityy  on  the  side  of  the  lesion,  and  no  loss  of  this  sense  on  the 
opposite  side,  on  which  cutaneous  sensibility  is  lost.  In  such  a  case 
marked  ataxy  has  been  observed  on  the  side  on  which  the  sense  of 
posture  was  lost,  when  motor  power  returned.*  Whatever  effect  in 
causing  ataxy  is  produced  by  disease  of  the  path  of  muscular  sensi- 
bility in  the  spinal  cord  must  also  be  produced  by  interruption  of  the 
path  between  the  muscles  and  the  cord.  The  Litter  must  also  arrest 
whatever  reflex  action  depends  upon  these  muscle -nerves,  f  and  it  is 
possible  that  such  reflex  action  takes  some  part  in  the  mechanism  of 
muscular  co-ordination. 

In  this  connection  it  is  important  to  note  that  the  fibres  that  pass 
up  by  the  posterior  median  columns  probably  constitute  the  path  from 
these  nerves.  The  root-fibres  to  the  columns  seem  to  pass  up,  as  the 
path  is  proved  to  do,  without  decussating,  and  they  may  be  diseased 
in  intense  degree  when  there  is  no  loss  of  cutaneous  sensibility.^  This 
tract  is  affected  in  almost  all  cases  of  tabes  in  which  there  is  a  lesion 
in  the  cord,  and  in  all  such  cases  in  which  there  is  ataxy.  This 
fact  suggests  that  the  lesion  of  the  root-fibres  is  first  and  diiefly  of 
those  from  the  muscles.  § 

The  posterior  median  columns  (extensively  connected  with  the  cere* 
bellum)  and  the  direct  cerebellar  tract  probably  conduct  to  the  cere- 
bellum the  impressions  from  the  sensory  muscle-nerves.  If  so,  the 
disease  of  these  tracts  and  nerves  must  interfere  with  the  co-ordinating 

•  Gilbert ;  tee  foot-note,  p.  229. 

f  In  a  ease  in  which  the  inco-ordination  was  mncb  greater  in  the  right  leg  than 
in  the  left,  and  cntaneons  sensibility  was  eqnally  impnired  in  the  two,  a  strong  trac- 
tion on  the  calf  muscles,  by  forcible  passive  flexion  of  the  foot,  produced  a  distinct 
sensation  in  the  extended  muscles  of  the  left  leg,  and  no  sensation  in  those  of  the 
right.  In  another  ente,  in  which  the  skin  was  sensitire  to  the  slightest  toneh,  the 
patient  was  unconscious  of  a  vigorous  extension  of  the  toes  produced  by  faradic 
stimulation  of  their  short  extensor. 

{  This  posterior  tract  is  roost  disensed  on  the  side  opposite  to  that  on  which  there 
is  most  defeneration  of  the  antero-lateral  asccmiing  tract,  which  probably  con- 
ducts sensations  of  pain. 

§  The  opinion  that  the  ataxy  depends  on  impairment  of  the  muscular  sense  was 
put  forward  in  1855  by  Dr.  Kussell  Reynolds ;  see  p.  898.  D^j^rine  has  also  asso- 
ciated the  ataxy  with  the  degeneration  of  the  peripheral  sensory  muscle-nerves 
(*  Archives  de  Physiologic,'  Srd  series^  voL  iii,  p.  231). 
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action  of  tbe  oerebellam,  and  came  lome  part  of  the  Ion  of  fnnctioD 
which  resalts  from  diiease  of  tbe  oerebellnm  itself. 

There  U  another  mechaninn  which  may  co-operate  in  increasmg 
ataxy.  The  vertical  fibret  of  the  postero-extemal  column  have  ouly 
a  abort  coarse,  and  some  prohablj  connect  the  posterior  grey  matter 
at  adjacent  levels.  The  affectioo  of  tbese  fibres  seems  to  be  proved  bj 
the  fact  tbat  tbe  comma-sbaped  bundle  of  fibres  in  the  front  of  tbe 
j>o8t.-extemal  column  may  be  specially  degenerated.  This  lesion  may 
impair  the  association  of  tbe  sensory  structures,  and  so  cause  a  want  of 
harmony  in  tbe  central  mechanism.  Tbe  tbeory  that  the  ataixy  was 
due  to  tbis  cause  was  advanced  by  Todd  in  1847.  It  is  not  probable 
that,  if  effective,  it  has  more  than  an  intensifying  influence,  since  ataxy 
may  exist  when  the  posterior  columns  are  througbout  unaffected.  Tbe 
discovery  that  ataxy  may  result  from  alcoholic  peripheral  neuritis 
confirms  tbe  view  of  its  origin  above  stated. 

Although  cutaneous  ansestbesia  cannot,  alone,  produce  ataxy,  it  may 
reasonably  be  assumed  to  increase  that  which  already  exists.  Sensa- 
tions from  the  skin  furnish  important  guidance  to  the  motor  cerebral 
centres,  and  are  probably  also  concerned  in  such  reflex  muscular  actions 
as  tbat  of  standing.  Similar  guidance  to  the  cerebral  co-ordinating 
centres  is  also  afforded  by  visual  impressions,  tbe  loss  of  which  distinctly 
augments  tbe  defect  of  co-ordination.  Tbe  varying  obaracters  of  the 
ataxy  in  different  cases  probably  depend  on  the  local  variations  in  the 
degree  of  change  in  tbe  muscle-nerves.  The  special  effect  of  the 
disease  of  other  elements  of  tbe  cord,  related  to  tbe  posterior  roots 
(as  the  posterior  vesicular  column),  has  still  to  be  ascertained.  Tbe 
degeneration  of  tbe  antero-lateral  ascending  tract  is  perhaps  con* 
nected  with  loss  of  sensibility  to  pain. 

It  is  probable  that  co-ordination  is  chiefly  an  automatic  process, 
dei)ending  partly  on  muscle-reflex  actions,  and  on  the  connection  of 
neigbl>ouring  sensory  structures  in  tbe  spinal  cord,  but  chiefly  on  the 
function  of  tbe  cerebellum,  determined  by  tbe  connection  of  the 
muscles  with  it,  and  tbat  tbe  interruption  of  this  connection  is  the  chief 
element  in  tbe  inco-ordi nation  of  locomotor  ataxy.  It  is  probable  also 
tliat  the  automatic  processes  are  in  part  under  cerebral  control,  guided 
by  sensory  impressions  which  do  enter  the  sphere  of  consciousness,  and 
that  the  de  ran  clement  of  this  control  will  intensify  inco-ordi  nation, 
though  incapable  of  producing  it.  We  do  not  at  present  know  to  what 
extent,  in  any  given  case,  the  symptoms  are  due  to  tbe  cord  disease  or 
to  tbe  peripheral  nerve  lesions.  Apparently  pains,  ataxy,  and  anses- 
tliesia  may  be  due  to  either.  The  question  can  only  be  decided  by  tbe 
comparison  of  symptoms  and  pathological  changes  in  a  large  number 
of  cases.  Tbat  anaesthesia  may  be  due  to  the  peripheral  changes 
is  proved  by  the  observed  correspondence  of  the  two  in  distribution 
(D^j^rine). 

The  trophic  changes  in  tbe  skin,  bones,  and  joints  are  probably  due 
to  the  process  of  degeneration  in  the  peripheral  nerves.     The  degenera- 
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lion  Las  been  found  in  all  cases  of  the  kind  in  'whicli  it  has  been  looked 
for,  and  found  also  in  the  nerves  of  diseased  joints.  The  pathology  of 
the  muscular  wasting  has  been  already  mentioned. 

The  pains  in  the  region  of  the  fifth  nerve  are  explained  by  the  lesions 
in  its  root,  especially  in  its  ascending  root,  which,  coming  up  from  the 
medulla,  is  homologous  with  the  posterior  spinal  roots.  This  nerve, 
indeed,  as  Pierret  has  pointed  out,  represents  tho  sensory  roots  of 
almost  all  the  motor  cranial  nerves.  The  degeneration  of  the  optic 
nerve  is  fairly  comparable  with  that  of  the  peripheral  spinal  nerves. 
Considering  the  special  character  of  the  optic  nerve,  the  absence  of 
degeneration  of  the  retina  does  not  seem  to  destroy  the  analogy  between 
the  two.  Begarding  the  pathology  of  the  visceral  crises  we  know  but 
little.  The  cbauges  observed  by  Pierret  in  the  neighbourhood  of  the 
centre  for  the  pneumogastric  may  be,  as  Buzzard  has  suggested,  an 
indication  of  the  cause  of  the  disturbances  that  occur  within  the 
range  of  this  nerve,  especially  of  the  gastric  and  laryngeal  crises. 

The  transient  motor  symptoms  in  the  limbs,  and  in  the  eyeball 
muscles,  are  apparently  of  functional  origin.  They  must  be  distin- 
guished from  the  lasting  palsies,  which  are  probably  due  to  degene- 
rative processes  in  the  nerves  or  nuclei ;  the  loss  of  function  of  the 
internal  ocular  muscles,  being  persistent,  must  be  ascribed  to  degene- 
ration of  the  related  centres.  But  even  the  light-reflex  may  return 
after  it  has  been  absent  for  years,  and  its  loss  must  therefore  depend, 
at  least  sometimes,  on  molecular  changes  capable  of  recoYery.  It  is 
indeed  important  to  remember  that  tabes  is  a  disease  which  begins  as 
a  derangement  of  molecular  nutrition,  which  is  probably  only  to  be 
discerned  when  relatively  great  in  its  degree.  If  we  also  remember 
that  this  derangement  is  the  result  of  some  toxic  material  or  virus 
circulating  in  the  blood,  we  can  understand  better  the  leading  facts  of 
the  disease,  and  especially  the  variations  in  its  course,  its  degree,  and 
the  precise  character  of  the  symptoms. 

Diagnosis. — ^The  diagnosis  of  tabes  rests  on  the  combiuation  of 
symptoms  already  described.  In  the  early  stage,  the  loss  of  the  knee- 
jerk,  together  with  pains,  or  unsteadiness  on  standing  with  the  feet 
together  and  the  eyes  closed,  justifies  a  diagnosis  of  the  commencing 
affection,  provided  we  can  exclude  toxic  peripheral  neuritis  (especially 
that  due  to  alcohol),  diabetes,  diphtheritic  palsy,  and  also  a  lesion  of 
the  anterior  comua  or  nerve-roots  by  the  absence  of  wasting  of  the 
muscles  and  change  in  their  irritability.  The  diagnostic  value  of  the 
loss  of  the  knee-jerk  can  hardly  be  overrated.  It  is  probably  never 
absent  in  health.  If  there  is  doubt  as  to  its  loss,  the  precautions 
recommended  on  p.  15  should  be  adopted.  When  it  is  lost,  and  reflex 
action  is  in  excess,  a  true  reflex  movement  may  sometimes  simulate 
the  jerk  ;  the  distinction  is  that  the  tap  sometimes  causes  a  movement 
and  sometimes  does  not;  that  an  interval,  brief  but  appreciable, 
elapses  before  the  movement  occurs ;  that  a  similar  movement  is 
caused  by  a  prick  on  the  skin,  and  that  the  delayed  contraction  some- 
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times  occurs  in  tbe  other  leg,  or  in  the  adductors  of  botli  legs.*  In 
cases  in  whicli  tbe  knee-jerk  is  present,  tbe  diagnosis  of  tabes  is  onl/ 
justified  by  distinct  and  ebaraoteristic  inco- ordination.  In  tbe  few 
cases  of  tbis  kind  tbat  have  come  under  m  j  own  obserration,  tbe  kneo- 
jerk  bas  been  eitber  unequal  on  tbe  two  sides,  or  has  beon  lost  on  one. 
Sucb  abnormalitj  is  probablj  tbe  rule  in  tbese  cases,  and  tbe  diagnosis 
is  tbus  facilitated.  In  a  case  witb  lightning  pains,  but  neither  ineo^ 
ordination  nor  loss  of  knee-jerk,  a  suspicion  of  tabes  would  be  justified 
bj  tbe  presence  of  some  other  symptom,  such  as  retention  or  incon- 
tinence of  urine,  loss  of  sexual  power,  or  loss  of  tbe  iris-reflex.  But, 
as  we  have  seen,  it  is  probable  tbat  caues  occur  in  whicb  tbese 
pains  exist  alone, — a  condition  that  may  be  termed  ''tabetic  neu- 
ralgia." 

Tbe  loss  of  the  iris-reflex  is  of  great  diagnostic  importance.  It 
shows  that  a  degenerative  process  is  at  work  in  the  nervoni 
system,  and  it  suggests,  therefore,  that  other  symptoms  are  also  due 
to  degeneration.  But  since  the  iris-reflex  is  not  always  lost  in  tabes, 
tbe  negative  significance  of  a  normal  reflex  is  far  less  than  is  the  posi- 
tive significance  of  its  loss.  The  practical  value  of  tbis  symptom  can 
hardly  be  overrated.  It  puts  the  observer,  so  to  speak,  on  the  track 
of  nerve  degeneration.  Its  loss  is,  moreover,  so  often  due  to  preceding 
syphilis,  that  it  should  always  suggest  this  antecedent. 

Tbere  are  certain  diseases  with  which  tabes  is  especially  liable  to 
be  confounded.  One  of  these  is  multiple  alcoholic  neuritis.  The 
ordinary  form  of  this  disease  is  readily  distinguished  by  the  symme- 
trical paralysis  which  is  its  chief  manifestation.  But  the  varietj 
wbich  closely  resembles  locomotor  ataxy  is  the  **  alcoholic  pseudo- 
tabes '*  (p.  125),  and  in  this  the  diagnosis  may  be  very  difficult.  This 
is  not  surprising,  because  it  resembles  tabes  pathologically ;  the  lesioa 
is  a  **  parenchymatous  neuritis,"  a  subacute  degeneration,  beginning 
in  tbe  nerve-fibres,  and  similar  to  the  peripheral  form  of  tabes.  It 
often  affects,  however,  in  some  degree,  tbe  motor  as  well  as  the  sen- 
sory nerves,  and  tbere  is  then  some  weakness  in  the  distal  portions  of 
the  limbs.  An  altered  electrical  reaction  may  be  found  in  tbe  muscles 
(never  in  the  weakness  sometimes  met  with  in  early  tabes),  and  there 
is  generally  marked  muscular  tenderness,  scarcely  ever  present  in 
tabes.  The  pains  have  not  tbe  "lightning"  character,  and  the 
sphincters  escape.  The  pupils  act  normally,  but  this  is  not  an 
absolute  distinction,  since  they  may  be  unaffected  in  tabes.  A  history 
of  alcoholism  may  help  the  diagnosis,  and  so  may  improvement  when 
alcohol  is  withdrawn.  By  attention  to  all  tbese  points,  a  diagnosis 
can  generally  be  made  without  much  difficulty. 

When  the  symptoms  and  lesion  of  tabes  are  combined  with  those 
of  general  paralysis  of  the  insane,  it  may  be  doubtful  in  which  cate- 

*  It  it  impossible  to  exaggerate  the  difficnity  presented  bj  aome  patients  in  aseer" 
Uiuinsr  whether  the  knee-jerk  is  or  is  not  lost,  and  tha  cara  needed,  and  lapeated 
'>bservations  that  are  desirable,  in  doabtfal 


LOCOMOTOR   ATAXT.  483 

gOTj  a  ease  sbould  be  placed.  The  qaestion  is  rather  one  of  the  pre« 
pouderance  of  the  symptoms  of  one  or  the  other  makdy  than  of 
absolute  distinction  between  them.  In  most  cases,  however,  in  which 
this  combination  exists,  the  symptoms  of  general  paralvsis  become 
more  proDOUDced  as  time  goes  on,  and  the  spinal  symptoms,  which  at 
first  were  the  most  conspicuous,  pass  into  the  background. 

All  common  forms  of  paraplegia  are  distiDg^uisbed  by  the  early 
loss  of  power,  and  by  the  persistence  of  the  knee-jerk,  often 
emphasized  by  its  excess  and  by  the  occurrence  of  a  clonus  in  the 
rectus  or  the  calf  muscles.  If  weakness  supervenes  in  tabes,  it  is 
usually  late  in  the  courc3  of  the  disease,  and  the  other  symptoms 
have  been  and  are  well  marked.  If  the  knee-jerk  has  been  once 
lost  in  this  disease,  it  is  not  reproduced  by  secondary  lesions  of 
the  cord  which  ordinarily  increase  the  knee-jerk.  The  same  distinc- 
tions usually  suffice  for  the  diagnosis  from  the  combined  form  of 
paralysis  and  inco-ordination  that  I  have  termed  "  ataxic  paraplegia." 
In  this  the  knee-jerk  is  excessive,  and  there  is  foot-clonus,  while  pains 
and  anjBsthesia  are  absent ;  spasm  supersedes  ataxy.  In  other  forms 
of  combined  disease  of  the  cord  the  diagnosis  depends  chiefly  on  the 
recognition  of  union. 

Acute  lesions  of  the  cord,  probably  situated  in  the  postero-extemal 
column,  may  produce  inco-ordination  and  pain,  but  the  suddenness  of 
the  onset,  the  limitation  of  the  symptoms,  and  their  tendency  to  sub- 
side, usually  suffice  for  the  distinction.  Symptoms  from  this  cause 
are  far  more  common  in  the  arms  than  in  the  legs.  Ataxy  in  one  limb 
may  also  be  produced  by  a  tumour  growing  in  the  posterior  column, 
but  other  symptoms  indicate  the  invasion  of  adjacent  structures,  as 
was  conspicuous  in  the  case  figured  in  the  chapter  on  tumours  of  the 
cord.  All  these  cases  present  the  characteristics  of  a  focal  lesion  with 
random  consequences,  rather  than  of  a  system  disease  with  limitation 
to  a  special  function. 

In  diphtheritic  paralysis  occurring  long  after  the  sore  throat,  or  in 
which  the  nature  of  this  was  not  i-ecognised,  the  loss  of  the  knee-jerk 
may  cause  tabes  to  be  suspected ;  but  the  nature  of  the  case  is  almost 
always  rendered  clear  by  the  paralysis  of  accommodation  and  of  tbe 
palate  which  precedes  the  ataxy,  and  should  be  suggested  by  the 
absence  of  pains  and  the  presence  of  weakness.  If  true  tabes  follows 
diphtheria,  the  sequence  is  too  rare  to  be  of  practical  importance. 

When  the  dorsal  region  of  the  cord  is  chiefly  affected,  the  severity 
of  the  pains  in  the  trunk  may  lead  to  a  suspicion  of  disease  of  the 
vertebral  bones,  but  in  the  latter  the  pain  is  local  and  fixed,  and  this, 
with  the  characteristic  increase  of  pain  when  the  patient  moves,  should 
prevent  error.  It  is  still  more  frequent  to  mistake  such  cases  for 
neuralgia  of  the  intercostal  nerves,  but  even  if  there  are  no  pains  in 
the  legs  to  suggest  tabes,  the  knee-jerk  and  the  light-reflex  of  the  iris 
are  lost  in  tabes.  Experience  shows  that  the  most  frequent  errors  in 
diagnosis  are  due  to  a  mistake  as  to  the  nature  of  the  pains*  which 
TOL.  I.  28 
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are  mistaken  for  rbeumatism,  especiallj  when  influenced  bj  weatlier, 
or  for  sciatica  when  referred  to  the  region  of  the  sciatic  nerre,  or  for 
some  form  of  gout  if  the  disease  exists  in  the  patient  or  his  family, 
or  in  the  mind  of  the  physician.* 

The  only  organic  intra-cranial  disease  that  may  be  mistaken  for  tahes 
is  tumour  of  the  cerebellum.  In  some  cases  of  tabes  the  onsteadineai 
resembles  that  of  cerebellar  origin.  Loss  of  the  knee-jerk  is  stronglj 
in  favour  of  tabes ;  in  cerebellar  tumonr,  increase  of  the  jerk  is  the 
rule,  and  loss  is  only  to  be  regarded  as  not  ahsoltUely  incompatible. 
Ansesthesia  and  lightning  pains  are  conclusive  evidence  of  the  spinal 
disorder,  while  in  cerebellar  tumour  severe  occipital  headache  is  almost 
iuTahable,  and  considerable  optic  neuritis  is  extiemely  common.  Optic 
nerve  atrophy  is  primary  in  tabes,  post-neuritic  in  tnmour. 

The  various  visceral  crises  are  often  mistaken  for  primary  disorder! 
of  the  deranged  organs.  Recurring  attacks  of  the  character  described 
should  always  arouse  suspicion  of  their  possibly  tabetic  nature,  and  an 
examination  of  the  knee-jerk  will  usually  decide  the  point. 

Pboonosis. — The  prognosis  in  tabes  corresponds  with  the  facts 
stated  as  to  the  course  of  the  disease.  It  does  not,  as  was  once 
thought,  deserve  the  epithet  *' progressive,"  given  to  it  before  the  pre- 
ataxic  stage  was  known  and  before  the  disease  had  been  widelj 
observed.  Arrest  is  frequent,  and  considerable  im  provement  is  not  rare. 
The  earlier  the  stage  of  the  disease,  the  better  is  the  prognosis.  In  the 
first  stage,  the  disease  often  becomes  stationary.  When  ataxy  is  deve- 
loped, the  prospect  of  arrest  is  less  than  in  the  first  stage,  but  is  still 
considerable.  Occasionally,  even  in  the  typical  form  of  the  disease, the 
amount  of  improvement  is  very  great.  One  patient  was  scarcely  able  to 
walk  across  the  room,  in  consequence  of  the  inco-ordination,  when  he 
came  under  treatment,  and  at  the  end  of  six  months  his  gait  was  scarcely 
distinguishable  from  that  of  a  healthy  person.  When  the  third  stage 
is  reached  the  possibility  of  improvement  is  far  less,  but  is  not  quite 
absent.  A  woman  suffering  from  pure  tabes,  when  admitted  to 
hospital,  had  been  unable  even  to  stand  for  six  months,  on  account  of 
the  extreme  ataxy ;  but  she  improved  so  much  that  in  a  few  months 
she  was  able  to  walk  about  the  room  without  help,  and  has  continued, 
now  for  six  years,  to  do  her  household  work  without  difficulty,  and 
even  to  walk  some  miles  with  the  aid  of  a  stick.  On  the  other  hand, 
in  some  cases  the  malady  increases  in  spite  of  every  effort,  and  even 
when  there  is  permanent  arrest  or  improvement  it  is  rare  for  all 
symptoms  to  disappear.  The  knee-jerk  generally  remains  absent,  and 
often  attacks  of  pain  continue  to  occur.  It  is  difficult  to  find  any 
trustworthy  indications  to  guide  the  prognosis  in  an  individual  case. 
The  fact  of  preceding  syphilis  has  little  influence  on  the  prognosis. 

*  In  one  caae,  in  which  tMbetic  trunk -pain  was  chiefly  telt  at  th«  level  of  tbs 
epigastrinm,  a  physician  of  repute  not  only  made  a  diagnosla  of  gattrie  goat,  bot 
refused  to  modify  his  opinion  when  loss  of  the  knee-jerk  waa  diaooTerei^  and  tht 
patient  became  unsteady  in  gait. 
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Onlj  when  the  symptoms  have  developed  rapidly  and  the  syphilis  is 
reoent  is  there  some  ground  to  anticipate  good  from  antisyphilitio 
treatment.  In  all  cases,  however,  in  which  the  onset  of  symptoms  is 
acute  there  is  more  prospect  that  they  will  pass  away  than  if  they  de- 
velop slowly.  In  most  cases  the  only  trustworthy  guide  to  prognosis 
is  the  observed  tendency  of  the  individual  case. 

Of  special  symptoms,  the  pains  are  often  the  most  distressing,  and 
unfortunately  they  are  the  most  obstinate  symptom  of  the  disease. 
They  may  persist  in  undiminished  severity  when  other  symptoms 
lessen ;  and,  on  the  other  hand,  they  may  become  trifling  whea  the 
disease  increases.  Diminution  of  the  pain  is  a  good  sign  if  other 
symptoms  are  stationary,  but  not  if  these  increase.  It  is  often,  how- 
ever, a  solace  to  the  patient  to  know  that  persistence  of  the  pains  do 
not  mean  progress  in  the  disease.  The  optic  nerve  atrophy  is  usually 
progressive,  but  not  invariably,  as  is  often  asserted.  In  a  few  cases 
I  have  known  its  progress  to  be  permanently  arrested.  Strang^  to 
■ay,  the  occurrence  of  optic  nerve  atrophy  makes  the  prognosis  as  to 
the  spinal  symptoms  better ;  in  most  cases  of  atrophy  the  spinal  lesion 
remains  in  the  first  stage. 

Tbkatmbnt. — The  disease  is  one  in  which  treatment  often  has  a 
very  dear  influence,  not  only  in  relieving  suffering,  but  in  determining 
the  arrest  or  diminution  of  the  disease.  This  is  true  especially  of 
treatment  by  drugs.  But  the  first  care  should  be  to  secure  freedom, 
as  far  as  possible,  from  all  influences  capable  of  causing  the  disease, 
and  from  whatever  is  likely  to  depress  the  nervous  system.  Excessive 
mental  work,  anxiety,  and  physical  fatigue  are  all  harmful.  In 
severe  and  acute  cases,  absolute  rest  for  a  week  or  two  is  often  useful 
at  the  onset  of  treatment.  If  the  patient  walks  about,  exercise  should 
always  stop  short  of  fatigue.  Care  should  be  taken  to  avoid  the  risk 
of  falls;  a  severe  concussion  of  the  spine  will  sometimes  excite  to 
fresh  activity  a  stationary  disease.  Exposure  to  cold  is  also  injurious ; 
a  severe  exposure  may  cause  acute  mischief.  If  practicable  it  is  well 
that  the  winter  should  be  spent  in  a  warm  and  dry  climate.  A  sea 
voyage  is  sometimes  useful,  combining,  as  it  does,  a  maximum  of 
fresh  air  with  a  minimum  of  exertion ;  it  has,  however,  less  actual 
effect  than  might  be  expected.  If  there  is  much  ataxy,  the  risk  of 
falls  from  the  motion  of  the  ship  must  be  taken  into  consideration. 
It  is  the  most  useful  in  cases  that  are  already  stationary ;  such 
patients  often  return  with  a  diminution  in  all  their  symptoms. 
When  the  disease  is  advancing,  a  voyage  often  does  harm  rather  than 
good. 

The  digestive  organs  should  be  kept  in  careful  order;  an  attack 
of  indigestion  or  constipation  is  often  attended  by  lightning  pains, 
which  cease  when  an  aperient  has  acted.  Pood  should  therefore 
be  light  in  quality,  and  easily  digestible.  The  change  from  an  active 
to  an  inactive  life,  which  tabes  often  causes,  may  lead  to  the  develop- 
ment  of  gout  in  an  individual  predisposed  to  it»  either  by  inheritance 
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or  br  liif  prerioiiB  mode  cf  life ;  and  libe  teiidmicf  nnMl.  wm  itr  m 
possible,  be  obriated  bj  rfsgiili;tian  of  diet  isid  I7  fnsuwsMMl  uussneu:*. 
Smoking  sbould  be  eitber  aToided  or  limitBd  i&  m>  muJl  «w*"ffia 
Alcobolic  exceu  is  especi&Dj  baxnifizl ;  it  wnnnfftaiiteg  -esnnes  &  -ps-j 
•evere  ezaoerbatioii  of  iLe  sjinpUniis ;  l^of  i«  lAitt  mrpcama^  sniK^ 
MM  we  b&T«  Been,  cbronie  alcobolism  mij  eaiae  n  fHgffnf'  TfiHsmuInx 
t&bet  in  its  fjmptomi  MSkd  pftlhologr.  SermJ  esofSK  j*  ium/  lu'ja 
injiinoiis.  lianr  patieuts  are  prcaaerred  frcim  linB  diaic»r  if  *ji^ 
disease  itself,  bat  it  is  xxit  aJwajs  sc*.  Eieess  seiems  1»  luca^  a  m*^*^ 
infloeooe  on  tbe  optic  Derre  atrcipbj.  Serend  verr  jsunfoj  3X«tJCh9*s 
of  ibis  Lsre  come  under  IDT  notioe.  A  xnanintlie^ach'SXJiee  if  i*£«9, 
vitb  sligbt  atropbr,  some  peripberaJ  limitation  of  1^  £elQ&,  inxL  ital* 
impatiriDent  of  aenilT  of  Tision,  started  on  a  Torace  from  ^"*'*^-'^  V) 
England.  Tbe  dsr  liefore  be  started  be  manifid,  a2*d  wham  ht  »fee^ 
tbiB  oounlxT  be  vns  quite  blind. 

Tbe  infloeoce  of  drags  on  tbe  disease  is  nnqfoestaonaiLik  ir  b^t 
eases,  and  if  ibej  are  nsed  wisety,  iht  more  a  pbjsidtaa  •»»  «f  ikt 
dJM^^fMMt,  tbe  m<n>e  bigblj  it  be  likelj  to  esteem  tbem.  T9ber»  m  &> 
sp^^fic:  for  tbe  maladj,  and  in  some  cases  tlie  in&iiod  tcAdcai^j  «fer- 
pavers  ^^errinfioexMie  tbat  can  be  lirongbt  to  bear  vpoB  it.  lC»n>^yTer, 
tbe  inflncskee  ctf  drags  is  rariable ;  tbat  wbieb  seems  todo  nrsdb  good  b 
one  case  bas  no  influence  on  anotber,  and  tbis  is  tmealso  of  ibe  saae 
case  at  d;i!erent  penoda.  H«»oe  tbe  tLerapeatir  stateinentB  ikmX  bait 
bc^en  made  bj  Tarions  obserren  are  oomevbat  discordant. 

Tbe  first  question   is  tbe  influence  of  aotasTpliilitie  agesta.    lo 
talies  suiii  influence  is  distm'.!  onlj  in  rare  cases,  cfaieAj  under  tbe 
coxfditions  niMAtioned  in  tbe  section  fm  prognoBS.     In  tbose  arcmii- 
staijcet  fuH  doses  of  iodide  of  pota«s:am  sboold  be  grven.  and  if  the 
iniitrraJ  sixi'ie  tbe  pnmanr  disease  is  sbart»  mercnrr  maj  be  rubbed  ia 
uiiti]  tbe  gnms  are  sligbtlj  aiftic'led.     In  cases  of  slow  derelopmnt* 
serera^  jiskT%  aiier  primarr  ^T|>bilift  ftueb  treatment  seldom  does  good, 
a:id  somei:xi>eft  cot%  barm.     But  so  aidelj  sj-iead  is  tbe  opinion  tbal 
ererr  cc/iinequfDce  of  sipLilis  is  amenable  to  treatment,  tbat  it  is  often 
w^A  to  aTC'i'i  iLe  suipk'>oxi  cd  neglect,  and  even  to  clear  tbe  tberapeotie 
gTcoii/d.  bj  a  ccoirse  id  ic«dide  of  }<rtassram  for  fire  or  six  weeks. 
Verr  §:i^  d'jytA  of  merccij,  sucb  as  ^  grain  of  tbe  red  iodide,  maj 
als*:'  l*e  gi<eL  for  a  jc'nger  time,  and  mar  often  be  conTenientlj  com* 
Ldr^e-i  witb  o:her  drag^    It  sc»ems  sometime*  to  bare  a  tonic  infloence, 
kitl  iterLaiii  inaj  iesnen  tbe  secr^ndarr  subinfiammatorr  process  in  tbe 
c:r-i  ani  p:a  mai^r,  wlici,  as  we  bare  seen,  sometimes  constitutes 
pi. "I  cf  ilr  ii;:rt>d  jro««ft.     Bi:i  in  sucb  late  casep,  and  in  aQ  tbe 
l&te  z^rrmr  C'ir^^-Tj^rhtfOLM  tba2  follow  sTpbiHs,  energetic  mercniial  treat* 
xErrnt  onljr  fc«e«  LkTzz^     Ii»  d^epiessing  influence  often  increases  tbe 
dejvTirrkiiTr  Zrz.'i^z."T,  hTi  tjfciii^rijs  tbe  progress  of  tbe  disease. 

Of  CTzi£%  iLai  htkTt  htiai  »«>c-nimended  for  tabes,  those  tbat  are 
n-v-rfi  'z.^i^'.  fcre  arf*e=if^  irrx.  quizdne.  aluminium,  nux  Tomica  and 
^!n^cLn^a,  ml;  ale  of  sih-er,  Gaialar  bean,  belladcmna^  eigot^  phos- 
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phonif  Of  these  arsenic  is  certainlj  that  which  roost  frequentlj  does 
distinct  good.  Most  of  the  cases  in  which  I  have  known  the  greatest 
improYement  to  occur,  have  been  taking  it  at  the  time.  In  several  of 
these  cases  there  was  no  other  change  in  the  conditions  of  life  to 
which  the  improrement  could  be  ascribed.  The  form  in  which  arsenic 
is  given  matters  little ;  TT^v  or  X([y\j  of  the  Liq.  Arsenicalis  maj  be  given 
in  a  mixture,  or  ^  gr.  of  arseniate  of  soda  in  a  pill.  Iodide  of  arsenic 
has  no  special  advantage,  and  is  not  so  well  borne.  This  or  any 
other  drug  must  be  continued  for  at  least  six  weeks  before  an  opinion 
of  its  influence  can  be  formed.  Bapid  improvement  can  never  be 
expected  in  so  chronic  a  disease.  But  it  is  not  well  to  continue  any 
drug  for  more  than  about  three  months  at  a  time.  Most  good  is 
effected  by  alternating  two  or  more ;  the  return  to  one  that  had  ceased 
to  do  good  is  often  beneficial.  In  connection  with  the  influence  of 
arsenic  it  is  interesting  to  note  the  well-known  effect  of  the  drug  in 
improving  the  nutrition  of  the  skin,  and  the  frequency  with  which 
the  cutaneous  nerves  are  degenerated  in  tabes.  Quinine,  or  the 
extract  of  nux  vomica,  may  be  usefully  combined  with  arsenic ;  or  a 
small  dose  of  mercury  may  be  also  given,  n|^xv  of  Liq.  Hyd.  Bichlor. 
with  rt[y  of  Liq.  Arsenicalis,  or  ^  gr.  of  the  red  iodide  with  ^  gr.  of 
arseniate  of  soda  in  a  pilL  Occasionally  arsenic  seems  to  irritate  the 
nerve-centres,  but  a  very  small  dose  may  then  be  borne  with  advan- 
tage. Nitrate  of  silver  and  phosphorus  are  less  useful,  but  may 
sometimes  be  given  alternately  with  arsenic.  The  chloride  of  alumi- 
nium is  another  agent  that  I  have  found  of  distinct  service,  2 — 4  gr. 
twice  or  three  times  a  dav. 

Calabar  bean  has  been  recommended  by  Binger  as  producing  tem- 
porary improvement  in  many  chronic  spinal  diseases.  Its  influence 
in  tabes  is  not  great.  Ergot  has  been  esteemed  highly  by  some,  but 
is  seldom  distinctly  effective;  it  is  most  likely  to  be  useful  if  the 
symptoms  suggest  that  there  is  a  secondary  subinflammatory  process. 
Belladonna  is  sometimes  useful,  and  strychnia  often  produces  marked 
improvement,  especially  combined  with  a  small  dose  (j^  gr.)  of  nitro- 
glycerine, which  causes  the  blood  containing  the  tonic  to  pass  more 
freely  to  the  nerve-centres. 

Counter-irritation  to  the  spine,  by  blisters  or  the  actual  cautery,  is 
sometimes  useful,  chiefly  in  the  cases  just  mentioned,  in  which  the  dis- 
ease develops,  or  the  symptoms  increase,  rapidly,  or  in  which  there 
is  npinal  pain  or  tenderness.  It  is  not  probable  that  it  influences  the 
process  of  degeneration,  but  it  may  lessen  any  secondary  inflammation. 

Of  special  symptoms  that  require  treatment,  the  pains  are  the 
most  important.  Unfortunately  they  are  often  very  obstinate,  and 
their  variability  renders  it  difficult  to  estimate  the  influence  of  treat- 
ment upon  them.  Severe  paroxysms  may  yield  only  to  hypodermic 
injections  of  morphia,  but  this  should  be  reserved  for  the  most  intense 
attacks,  since  its  use  is  undesirable  for  a  recurring  symptom  which  may 
continue  for  years.     Indian  hemp  is  often  effective;  gr.  ^  or  ^  should 
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be  given  every  tbree  or  four  hours  during  an  attaclr.  But  the  most 
useful  agents  for  relieving  a  paroxysm  are  antipyrine  and  acetanilide. 
One  or  the  other  of  these  seldom  fails ;  should  they  do  so,  ezalgin  or 
phenacetin  may  succeed.  Hypodermic  injections  of  cocaine  generally 
arrest,  for  several  hours,  pains  that  are  superficial  in  character, 
especially  if  accompanied  by  hypersBsthesia  of  the  skin.  The  injec- 
tion should  be  of  j-  to  ^  of  a  grain,  at  the  upper  part  of  the  region 
to  which  the  pain  is  referred.  Cocaine  has  no  influence  over  the 
deeper  pains.  Superficial  pain  is  also  relieved  by  the  local  applica- 
tion of  chloroform  sprinkled  on  spongio-piline  (or  lint  and  oiled 
•ilk).  Occasionally  the  pains  are  lessened  by  a  warm  bath.  Counter- 
irritation  to  the  spine,  as  by  repeated  sinapisms,  may  give  some  relief. 
These  measures,  however,  only  relieve  paroxysms,  and  do  not  prevent 
recurrence.  This  is  sometimes  effected  by  a  course  of  chloride  of 
aluminium. 

Paroxysmal  visceral  symptoms  often  yield  to  antipynne  or  aceta- 
nilide, but  when  severe,  morphia  alone  mitigates  their  intensity. 
Slight  gastric  crises  may  be  relieved  by  simultaneous  sinapisms 
to  the  epigastrium  and  neck.  Laryngeal  spasm  is  usually  at  once 
relieved  by  nitrite  of  amyl  or  nitro-glyoerine ;  the  local  application 
of  cocaine  is  also  useful.  Weakness  of  the  bladder  is  sometimes 
lessened  by  nux  vomica  or  strychnia.  The  latter  may  be  given  bj 
hypodermic  injection,  as  recommended  in  the  chapter  on  muscular 
atrophy.  Nocturnal  passage  of  urine  is  occasionally  arrested  bj 
belladonna. 

Blisters  or  sores  on  the  feet  should  receive  careful  local  treatment 
until  they  are  well.  If  neglected  they  may  become  very  troublesome. 
The  patients  should  be  cautioned  never  to  cut  a  com ;  a  perforating 
ulcer  is  often  set  up  by  a  corn  being  cut  too  deeply.  The  epidermis 
sbould  be  softened  with  an  alkali  and  rubbed  off  with  pumice-stone. 

Attention  to  the  bladder  is  one  of  the  most  important  elements  in  the 
treatment  of  tabes,  as  in  that  of  all  diseases  of  the  spinal  cord,  chronic 
and  acute.  If  there  is  any  reason  to  believe  that  the  bladder  is  imper« 
fectly  emptied,  a  catheter  should  be  passed;  and  if  residual  urine  is 
found,  the  bladder  should  be  emptied  perfectly  and  washed  out  every 
daj  or  every  other  day.  No  hesitation  need  be  felt  in  the  use  of  the 
catheter  in  these  cases.  Many  patients  die  every  year  from  want  of 
the  catheter,  because  it  is  thought  that  all  is  right  since  they  pass 
urine  freely.  The  residual  accumulation,  or  the  slight  cystitis,  sets  up 
chronic  pyelo-nephritis,  which  develops  insidiously,  and  is  unsuspected 
until  mysterious  febrile  disturbance  occurs,  chronic  or  acute,  and  leads 
to  death.  It  is  probable  that  the  onset  of  the  final  acute  disturbance 
is  sometimes  determined  by  the  passage  of  a  catheter,  just  as  this  will 
cause  a  rigor  or  transient  hsematuria  in  a  healthy  person.  I  have  seen 
many  melancholy  instances  of  death  from  the  consequences  of  un- 
suspected retention,  and  I  have  never  seen  any  case  in  which  the 
early  and  frequent  use  of  the  catheter  did  harm.     It  is  especially 
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important  to  insist  on  the  danger  that  the  practitioner  maj  be  misled 
bj  the  patient,  who  thinks  that  because  he  passes  urine  freelj  he 
necessarily  empties  his  bladder  perfectlj. 

Electricity  has  little  influence  on  the  chief  symptoms  of  tabes.  The 
Toltaio  current  is  powerless  over  either  the  pains  or  tbe  ataxy,  whether 
it  be  applied  to  the  spine  or  the  limbs.  Faradisation  of  the  skin  by 
the  wire  brush  has  been  recommended  for  the  defect  of  cutaneous 
sensibility,  but  it  has  little  if  any  influence.  Temporary  improvement 
in  g^t,  and  sometimes  a  little  permanent  improvement,  may  be 
obtained  bv  faradisation  of  the  muscles;  the  stimulation  of  the 
afferent  muscle-nerves  is  probably  the  mechanism  of  its  action. 
When  the  bladder  or  its  sphincter  is  weak,  faradisation  from  the 
hypogastrium  to  the  perineum  may  be  employed,  and  occasionally 
seems  to  do  some  good.  In  secondary  wasting  of  the  muscles  an 
attempt  may  be  made  to  maintain  their  nutrition  by  stimulating  them 
with  whatever  current  they  respond  to,  but  the  central  cause  usually 
renders  local  treatment  ineffective. 

Nerve-stretching  was  fashionable  a  few  years  ago,  the  operation 
being  usually  performed  on  the  sciatic  nerve.  In  the  first  case  in 
which  it  was  employed  (by  Langenbuch)  the  procedure  was  followed 
by  remarkable  and  mysterious  improvement,  not  only  in  tbe  pains,  but 
also  in  the  inco-ordination.  The  patient  subsequently  died  under 
chloroform,  administered  in  order  that  the  nerves  of  the  arms  might 
be  stretched.  The  spinal  cord  was  found  by  Westphal  to  be  healthy. 
Although  the  nerves  were  not  examined,  there  can  be  little  doubt  that 
it  was  one  of  the  cases  in  which  the  nerves  alone  are  diseased.  The 
operation  has  since  been  performed  in  a  large  number  of  cases,  but 
without  results  that  have  secured  its  survival,  and  it  is  passing 
into  merited  disuse.  Its  place  has  been  taken  by  extension  of  the 
spinal  column.  In  this  procedure  the  patient  is  suspended  in  such 
a  manner  as  to  allow  the  weight  of  the  body  to  rest  on  the  head  and 
shoulders,  and  head  alone,  alternately,  and  the  ligaments  of  the  spinal 
column  are  supposed  to  be  so  stretched  that  the  spinal  cord  and  its 
nerve-roots  are  elongated.  The  chief  effect  is  produced  on  the  liga. 
ments  of  the  upper  part  of  the  spine,  but  the  actual  amount  of 
elongation  of  the  spine  is  exceedingly  slight  and  insignificant,  as  has 
been  proved  by  experiments  on  the  dead  body.  It  is  difficult  to  conceive 
any  mechanism  by  which  it  can  do  the  good  in  tabes  which  was  at 
first  ascribed  to  it ;  and  the  careful  observations  by  Kussell  and  Taylor 
on  a  large  number  of  cases  at  the  Queen  Square  Hospital*  seem  to 
show  conclusively  that  it  has  no  real  power  of  influencing  the  disease. 
It  will  also  probably  before  long  be  forgotten. 

•  Russell  and  Taylor, «  Brain,'  Summer  Number,  1890,  toI.  xiii,  p.  20G. 
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(PRIMABT   I.ATEKAL   8CLKB08IS). 

The  morbid  state  thus  desigomted  is  one  tliat  htts  been,  and  still  is, 
tbe  subject  of  macb  discussion.  Its  relations  are  complex,  and  a 
■omewbat  lengtbj  patbological  introdaction  is  neoessarj. 

OxraaAi.  Patholoot.— We  bare  seen  tbat  in  ererj  kind  of  trsDg. 
▼erse  lesion  of  tbe  spinal  cord,  prorided  this  is  situated  abore  the 
lumbar  enlargement,  tbe  paraljsls  of  tbe  legs  is  soon  accompanied  by 
excess  of  mjotatic  irritabtiitj'  (increased  knee-jerk,  foot-clonus),  and 
tbat  tbe  musde-reflez  action,  on  wbicb  tbis  irritabilitj  (and  muscular 
tone)  seems  to  depend,  graduallj  increases  to  tonic  spasm,  so  tbat  a 
eondition  derelops  to  wbicb  tbe  tenn  **  spastie  paraplegia  '*  is  applied. 
A  condition  quite  similar  to  that  wbicb  is  thus  secondazj  to  a  trans- 
Terse  lesion  often  derelops  gradu^illT,  without  anj  indication  of  a 
primarr  focal  disease,  and  without  anj  seosorr  symptoms  to  indicate 
tbat  tbe  mischief  extends  bejond  the  purelj  motor  elements  of  the 
cord.  We  baTc  also  seen  tbat  these  sjmptoms  indicate  disease  of  the 
upper  segment  of  tbe  motor  path,  tbe  cortico-spinal  segment  (p.  176), 
which  extends  from  tbe  motor  cortex  through  the  pyramidal  tracts, 
and  ends  in  tbe  grrej  matter  of  tbe  cord,  doubtless  bj  a  subdirision  and 
ramification  of  the  nerre- fibres  in  tbe  fibrillarr  network  of  tbe  spongj 
substance.  From  tbe  gradual  onset  and  limitation  of  the  sjmptoms 
in  these  cases,  it  has  been  assumed  tbat  the  disease  consists  of  a 
phmskiT  sclerosis  of  tbe  pjramidal  tracts,  t. «.  in  a  degeneration  of  the 
fibres  of  tbis  upper  segment.  Since  these  tracts  run  chieflj  in  the 
lateral  columns,  the  disease  has  been  termed  "lateral  sclerosii." 
The  clinicsd  features  presented  bj  these  cases,  and  their  probable 
significance,  were  first  pointed  out  hj  Erb.*  Degeneration  of  the 
pjramidal  tracts  bad  been  alreadj  obserred,  bj  Turck  (1856)  and 
Charcot  (1865).  Erb's  inference  as  to  the  nature  of  these  cases 
was  supported  bj  tbe  independent  (and  indeed  prerious)  researches 
of  Chanrot  on  cases  of  muscular  atTt}phj ;  he  showed  that  in  such 
cases  muscular  rigid''tj  coicMndes  with  degeneration  of  the  pjramidal 
tracts.  Fatholo^sts  bare  sin«:e  been  searching  for  confirmation  of  tbe 
hTpotbesis — for  eridence  that  the  sjmptoms,  in  their  pure  form, 
without  mus4.-ular  atrophj,  depend  on  degeneration  limited  to  tbe 
pTTaoitdal  tnsecs.  Sacn  degeneration  in  slight  degree,  associated 
with  slight  sjmptoms,  has  been  found  in  cases  of  general  paraljsis  of 
the  insane  (bj  Westph;^!  and  others) :  but  in  all  other  cases  that  ba?e 
been  ex^kmined.  either  other  parts  of  the  white  substance  bare  been 
degenerated,  or  the  disease  hjis  inToIred  also  the  anterior  comua.t 

•  In  ISrS.  •  B^T'lfx   kltn.  W.ieh^ttH-hr  /  Kx  »5  ;  1«77, '  Tlrrbow'y  ArchiT.'  Bd.  kx. 
t  la  a  COM  necunitfd  b\  Scoifelli  lui  odier  p^rt  thaa  Sb*  pjnaMidsl  tracts  could 
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In  tome  cases,  as  one  published  bj  Dreschfeld  (of  wbicb  a  figure  is 
giYen  at  page  447),  the  change  in  the  anterior  comua  has  been  so 
slight  that  the  required  conditions  are  nearlj  fulfilled. 

Although  absolute  demonstration  has  not  jet  been  furnished,  the 
indirect  eyidence  of  the  correctness  of  the  pathological  hypothesis 
it  yeiy  strong,  and  the  onlj  open  question  is  whether,  when  there 
is  no  disease  of  the  motor  ner?e-cells  of  the  anterior  oomu,  the 
degeneration  is  so  limited  to  the  pyramidal  tracts  as  to  constitute 
a  system  disease  in  the  strict  sense  of  the  word.  It  is  not  sur- 
prising that  demonstration  of  the  nature  of  the  pure  cases  is  not 
forthcoming,  since,  as  we  shall  see,  the  disease  has  little  tendency  to 
shorten  life. 

It  should,  moreover,  be  noted  that  cases  which  present  this  group 
of  symptoms  may  be  rery  various  in  nature.  We  have  seen  (p.  212) 
that,  in  each  s^^ent  of  the  motor  path,  the  same  symptoms  are 
produced  by  disease  of  any  part  of  the  segment.  In  the  upper 
segment,  with  which  we  are  now  concerned,  the  symptoms  are  the 
same,  whether  the  disease  is  in  the  cortex  of  the  bram,  the  internal 
capsule,  the  pyramids  of  the  medulla,  or  the  pyramidal  tracts  of  the 
eord ;  and  they  must  also  be  the  same  if  the  disease  is  limited  to  the 
termination  of  the  segment  in  the  grey  matter  of  the  cord.  In 
cerebral  hemipl^ia  the  state  of  the  arm  closely  resembles  that  present 
when  primary  spastic  paraplegia  involves  this  limb.  The  leg  in  hemi- 
plegia presents  a  less  close  resemblance  to  its  condition  in  spinal 
disease,  because  the  leg  is  innervated  from  both  cerebral  hemispheres, 
and  the  supplementary  infiuenoe  of  the  hemisphere  of  the  same  side 
lessens  the  effect  of  the  disease  of  the  hemisphere  of  the  opposite  side. 
But  if  there  is  disease  of  the  leg-centres  in  both  hemispheres,  the 
state  of  the  legs  may  be  identical  with  that  resulting  from  disease  of 
the  spinal  cord.  Such  bilateral  disease  often  results  from  injury 
during  birth, — meningeal  hsBmorrhagpe  over  the  upper  part  of  the 
central  convolutions.  This  resulting  condition  is  termed  *'  congenital 
spastic  paraplegia.''     (See  voL  iL) 

On  the  other  hand,  it  is  extremely  probable  that  degeneration  begins 
in  the  termination  of  the  fibres  in  the  grey  matter,  just  as  it  does  in 
the  extremities  of  the  peripheral  nerves.  It  may  even  be  limited  to 
these  terminal  parts,  as  the  extremity  of  the  lower  segment  is  para- 
lysed alone  by  many  agents.  In  such  disease  the  white  columns  would 
be  found  normal,  as  in  one  recorded  case  in  which  the  symptoms  of 
spastic  paraplegia  existed  during  life,  and  no  anatomical  change  was 
diidcovered  after  death.  The  detection  of  the  disease  of  the  terminal 
portion  in  the  grey  matter  is  extremely  difficult,  perhaps  impossible, 
because  the  structure  must  consist  of  nerve-fibrillsB  that  interlace  with 
others  that  are  unaffected.  This  view  is  supported  by  the  fact  that 
in  other  cases  some  degeneration  has  been  found  in  the  lateral  pyra- 

be  leea  dinfifHi  on  naked-eye  obserration,  bnt  no  microecopioal  ezamiaation  wae 
mads. 
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midal  tracts  in  tbe  lumbar  region,  slighter  than  the  intenntj  of 
the  symptoms  suggested,  and  gpraduallj  lessening,  to  cease  higher 
up  the  cord.  Such  a  condition  is  comparable  to  the  degeneration  of 
the  lower  portion  of  the  second  segment  of  the  motor  tract  in  some 
cases  of  peripheral  (degeneratiye)  neuritis,  in  which  there  is  a  degene- 
ration of  motor  nenre-fibres,  greatest  in  their  extremities,  extending 
for  a  Tariable  distance  up  the  nerres,  but  lessening  long  before  the 
spine  is  reached.  It  is  highly  probable  that  the  toxic  agents  which 
cause  lathy rism  and  pellagra  (g.  v.)  act  on  the  extremities  of  the 
pyramidal  fibres,  as  curara  does  on  the  nerves;  among  the  spinal 
symptoms  of  lathyrism  are  paralysis  of  the  1^  with  rigidity  and 
contractures,  and  increase  of  myotatic  irritability — foot-clonus,  &c,^ 

Both  clinical  and  pathological  evidence  shows  that  the  morbid  state 
often  occurs  also  as  part  of  a  more  extensive  degeneration.  Degene- 
ration may  occur  in  both  lateral  and  posterior  columns,  giving  rise  to 
combined  paralysis  and  ataxy — *' ataxic  paraplegia,'*  sufficiently  definite 
in  its  clinical  characters  and  course  to  make  its  distinction  convenient; 
it  is  therefore  separately  described.  The  following  account  of  the 
clinical  features  of  spastic  paraplegia  is  founded  on  cases  in  which  the 
motor  paralysis  and  spasm  existed  alone,  with  no  definite  sensory  loss,  in 
which  they  came  on  gradually,  with  nothing  in  the  state  of  the  patient 
or  the  history  of  his  symptoms  to  suggest  either  a  focal  lesion  or  an 
acute  process. 

Causes. — An  inherited  neuropathic  tendency  is  to  be  traced  occa- 
sionally in  this  as  in  other  chronic  spinal  diseases.  Thus  in  one  case 
there  was  a  history  of  insanity  in  uncle,  aunt,  and  two  cousins.  The 
disease  afEects  both  sexes  in  almost  equal  frequency,  preitenting  in  this 
a  contrast  to  posterior  sclerosis.  The  period  of  life  at  which  it  most 
frequently  begins  is  between  twenty  and  forty ;  about  three  quarters 
of  the  cases  begin  in  these  two  decades,  and  about  an  equal  number 
in  each.  Oases  frequently  commence,  however,  in  the  second  decade 
of  life,  chiefly  in  its  latter  portion.  After  forty  they  becfime  much 
less  common ;  the  latest  age  at  which  I  have  known  a  typical  case 
to  commence  is  sixty-one. 

The  disease  sometimes  follows  syphilis  in  a  way  to  suggest  a  causal 
relation,  even  when  all  cases  are  excluded  in  which  there  is  any  reason 
to  suspect  a  focal  lesion.  In  one  case  the  symptoms  commenced  six 
months  after  the  primary  disease.f  But  this  antecedent  is  not  fre- 
quent, and  in  this  respect  also  the  disease  contrasts  with  posterior 
sclerosis.  Proximate  causes  are  to  be  traced  only  in  a  minority  of  the 
cases.  The  most  frequent  is  concussion  of  the  spine,  such  as  a  fall 
on  the  back.  Some  time,  often  two  or  three  years,  elapses  between 
the  fall  and  the  first  pronounced  symptoms  of  the  disease,  and  hence 
focal  lesions  due  to  the  fall  can  be  excluded.     Next  in  frequency 

•  See  Marie,  *  Prog.  MM.,'  1883,  No.  48. 

t  The  cord  lesion  was  found  to  be  st-lerobii,  bat  the  direct  cerebellar  tract 
was  also  degeneraUd  (Minkowski). 
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U  repeated  exposure  to  wet  cold.  Yerj  rarelj  the  sjmptoms  bave 
ilowlj  followed  some  acute  illness.  In  several  cases  the  disease  has 
succeeded  prostration  after  childbirth  or  abortion,  or  has  commenced 
during  lactation.  In  one  case  an  attack  of  arthritis  in  the  knee  and 
ankle  of  one  leg  was  the  immediate  antecedent,  and  this  leg  was  the 
first  to  become  weak.  In  another  case  the  sjmptoms  followed  sub- 
acute arthritis  of  both  knee-joints,  apparently  rheumatic  in  nature. 
The  possibilitj  that  a  joint  inflammation  majbe  of  spinal  origin  must 
be  borne  in  mind  in  considering  the  significance  of  such  cases,  but  it  is 
on  the  whole  probable  that  a  primary  joint  affection  is  an  occasional 
cause  of  the  spinal  disease.*  (Acute  arthritis,  certainly  of  spinal  origin, 
has  only  been  obserred  in  severe  myelitis.)  The  cause  of  the  congenital 
form  18  always  injury  to  the  brain  during  birth,  in  most  cases  menin- 
geal hsBmorrhage,  causing  compression  of  the  motor  cortex. 

Symptoms. — Weakness  of  the  legs,  of  very  gradual  development, 
it  the  first  symptom.  The  patient  finds  that  he  g^ts  tired  more 
readily  than  before,  and  that  the  legs  feel  heavy ;  sometimes  one  leg 
becomes  weak  before  the  other.  The  progress  of  the  weakness  is  rery 
variable,  but  it  is  slow  in  all  characteristic  cases.  In  many  instances 
the  patient  is  still  able  to  walk  a  mile  or  two,  even  after  the  disease 
has  lasted  for  several  years,  slowly  increasing.  On  the  other  hand, 
walking  power  may  be  almost  lost  at  the  end  of  six  months.  It  is 
doubtful  whether  more  acute  cases  belong  to  this  category.  The  early 
weakness  is  often  accompanied  by  slight  unsteadiness,  chiefly  subjec- 
tive.  When  the  patient  seeks  advice,  it  will  generally  be  found  that 
there  is  very  distinct  loss  of  power  in  the  flexors,  often  greatest  in  the 
flexors  of  the  hip,  but  considerable  also  in  those  of  the  knee  and  ankle, 
and  occasionally  much  greater  in  the  last  than  elsewhere.  The 
knee-jerk  is  excessive  and  quick;  the  rectus  contraction  can  be 
obtained,  as  the  patient  lies,  by  tapping  the  depressed  patella,  and  a 
rectus-clonus  is  often  obtainable  by  sudden  depression  of  the  patella. 
The  foot-clonus  is  usually  also  obtained  with  readiness.  In  rare 
cases,  in  which  the  upper  part  of  the  legs  suffers  most,  there  may  be 
a  rectus-clonus,  but  only  slight  indications  of  a  foot-clonus,  two  or 
three  movements  quickly  ceasing.  The  tendency  to  spasm  is  at  first 
noticeable  as  slight  stiffness  of  the  legs  on  Gxsi  rising  in  the  morning, 
but  it  gradually  increases  in  degree  as  power  lessens,  until  at  last  the 
legs,  whenever  extended,  pass  into  a  condition  of  strong  extensor 
spasm,  rigidly  fixing  them  to  the  pelvis,  so  that,  as  the  patient  lies,  if 
one  leg  is  lifted  from  the  couch  by  the  observer,  the  other  leg  is 
moved  also.  The  spasm  may  be  such  that  the  knee  cannot  be  pas- 
sively flexed  by  any  force  that  can  be  applied  to  it  until  the  spasm  has 
become  less.  When  flexed  the  limb  is  comparatively  supple;  but 
if  it  is  then  extended,  the  spasm  instantly  returns,  making  the  limb 
rigid,  and  often  completing  the  extension,  just  as  the  blade  of  a  knife 
opens  out  under  the  influence  of  its  spring,  "  clasp-knife  rigidity. ** 

*  See  '  Arthritic  Mnsealar  Atrophy.' 
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The  spasm  is,  roughly  speaking,  proportioned  to  tlie  loss  of  power,  and 
its  extensor  character  may  enable  the  patient  to  stand,  the  legs  being 
fixed  and  rigid,  when  muscular  power  is  quite  insufEicient  to  support 
the  body  when  it  is  unaided  by  the  spasm.  In  a  still  greater  degree  a 
voluntary  effort  may  only  excite  general  spasm  of  the  limb  instead  of 
causing  a  definite  movement.  Occasionally  there  are  also  paroxjems 
of  brief  flexor  spasm  causing  the  legs  to  draw  up.  This  occurs 
cliiefly  when  the  patient  is  in  bed,  and  especially  during  sleep.  When 
the  spasm  is  great,  a  paroxysm  may  pass  into  violent  clonic  spasm,  but 
this  is  merely  the  same  clonus  that  can  be  produced  by  passive  exten- 
sion, excited  by  the  tension  of  the  spontaneous  spasm  (see  p.  222). 
Reflex  action  from  the  skin  is  also  usually  excessive,  and  the  stimulus 
excites  an  attack  of  spasm. 

The  gait  of  the  sufferers  from  spastic  paraplegia  is  very  character- 
istic. The  logs  seem  to  drag  behind  the  patient,  and,  in  walking, 
each  is  hauled  forwards  as  a  rigid  whole,  the  toes  catching  against  the 
ground,  and,  when  the  ball  of  the  foot  rests  on  the  ground,  the  limb 
may  shake  from  the  clonus  developed  by  the  extension  of  the  calf  . 
muscles.  When  the  patient  sits,  a  similar  trepidation  occurs  until  the 
patient  pushes  the  leg  forwards  so  that  the  heel  rests  also  on  the 
floor.  The  muscles  of  the  legs  are  usually  large  and  well  nourished. 
They  often  seem,  indeed,  to  be  hypertrophied,  and  perhaps  are  reallj 
so :  the  contraction  of  spasm  constitutes  a  physiological  stimulus  to 
growth,  just  as  does  voluntary  effort.  But  they  are  not  always  large ; 
they  are  sometimes  moderately  wasted.  The  electric  irritability  is 
usually  perfectly  normal,  but  in  the  muscles  that  present  the  slight 
wasting  just  mentioned,  there  may  be  a  trifiing  diminution  of  irrita- 
bility, to  faradism  and  voltaism  alike.  When  the  patient  oeases,  or 
almost  ceases  to  walk,  contracture  sometimes  occurs  in  the  calf  muscles. 
An  active  contracture  is  indeed  common,  preventing  at  first  passi?e 
flexion  of  the  ankle  beyond  a  right  angle ;  but  if  the  pressure  is  main- 
tained, the  muscles  yield  and  full  flexion  is  possible.  But  in  some 
cuses  there  is  the  fixed  contracture  described  on  p.  214  (form  8). 
Flexor  contraction  at  the  hip  or  knee  may  occur  also  in  the  same  cases 
under  the  influence  of  posture,  but  is  on  the  whole  rare,  the  tendency 
to  it  being  counteracted  by  the  extensor  spasm. 

The  arms  are  often  unaffected,  but  they  suffer  in  some  cases,  and 
present  the  same  ]>rogres8ive  weakness  and  excess  of  myotatic  irrita- 
bility. Vigorous  contractions  are  elicited  by  a  tap  on  the  tendon  of  a 
muscle,  or  on  the  bone  to  which  the  tendon  is  attached,  provided  the 
muscle  is  extended.  A  clonus  can  sometimes  be  obtained  in  the  flexors 
of  the  fingers.  There  is  less  paroxysmal  spasm  than  in  the  leg,  but 
much  rigidity  of  the  limb,  from  active  muscular  contracture,  flexing  the 
elbow  and  flexing  the  fingers  at  all  the  joints,  as  in  the  ''  late  rigidity  " 
of  hemiplegia.  The  difference  in  the  form  of  spasm  in  the  arm  and  leg 
is  no  doubt  connected  with  existence  of  a  reflex  extensor  mechanism, 
iu  the  lumbar  centres,  concerned  in  the  act  of  standing.      The  muscles 
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of  the  arm  are  often  as  well  Dourished  as  those  of  the  leg.  The  affec- 
tion of  the  two  arms  is  verj  rarelj  equal ;  it  is  common  for  one  arm 
to  be  almost  normal  when  the  other  is  much  affected  and  both  legs 
are  equaU?  iuTolved.  Sometimes,  however,  the  arm  and  leg  on  one 
side  are  paralysed,  and  the  limbs  on  the  other  side  are  so  slightly 
inyolred  thi^t,  in  comparison  with  the  palsied  members,  thej  seem 
normal;  the  patient  often  believes  that  thej  are  unaffected,  but 
examination  always  reveals  some  weakness  and  an  abnormal  degree 
of  myotatic  irritability. 

The  muscles  of  the  trunk  may  also  suffer.  A  subjective  "feeling  of 
weakness  "  in  the  back  is  oftea  complained  of  early,  but  seems  to  be 
as  much  a  sensory  as  a  motor  symptom.  Painful  spasm  of  the 
abdominal  muscles  may  occur  in  severe  cases,  and  I  have  even  known 
attacks  of  tetanoid  rigidity  of  the  back  to  be  produced  by  attempts  to 
move. 

It  is  not  common,  in  typical  cases,  for  the  symptoms  to  extend  into 
the  region  of  the  cranial  nerves,  but,  in  rare  instances,  difficulty  of 
swallowing  and  of  articulation  has  existed,  due  to  a  similar  palsy  of 
the  bulbar  nerves.  Excessive  myotatio  irritability  has  also  been 
observed  in  the  muscles  of  mastication,  so  that  a  tap  on  the  chin 
causes  a  vigorous  elevation  of  the  depressed  jaw  (Beevor). 

Sensory  symptoms  are  often  entirely  absent,  with  the  exception  of 
slight  dull  pains  in  the  legs,  or  more  frequently  in  the  back.  The 
sensation  of  weakness  in  the  back,  already  mentioned,  occasionally 
reaches  an  intense  degree.  Bheumatoid  pains  may  be  troublesome, 
but  sharp  pain  is  rare,  except  in  untypical  cases  to  be  presently 
mentioned.  In  such  cases  also  there  may  be  very  slight  defect  of 
sensibility — such,  for  instance,  as  blunting  of  tactile  sensibility  on  the 
finger-tips.  Subjective  sensations  of  "numbness,"  tingling,  formi- 
cation, are  more  common.  They  may  exist  for  years  without  the 
development  of  any  other  aneesthesia,  in  spite  of  the  progress  of  the 
motor  symptoms. 

The  sphincters  are  sometimes  affected,  occasionally  very  early; 
often,  however,  they  escape  even  to  an  advanced  stage.  Sexual  power 
may  be  lost,  or  may  remain,  even  when  the  spastic  paraplegia  has 
reached  a  high  degree.  The  nutrition  of  the  skin  and  joints  under- 
goes no  change. 

Ocular  symptoms  are  rare,  with  the  exception  of  nystagmus,  which 
will  often  be  found  if  searched  for.  The  action  of  the  pupils  is 
usually  perfect,  and  I  have  only  once  seen  optic  nerve  atrophy  in  an 
uncomplicated  case. 

The  infantUe  form  may  resemble  very  closely  that  which  occurs  in 
adults.  There  are  the  same  extensor  spasm  and  increase  of  all  forms 
of  reflex  action.  As  the  child  sits  on  the  knee  or  a  chair  any  sensory 
stimulus  will  make  the  legs  shoot  out  in  spasm  (Ii^g.  125).  But  the 
rigidity  does  not  reach  the  exti-eme  degree  often  attained  in  the  common 
form.    The  excess  of  the  knee-jerk  is  always  distinct,  but  a  foot- 
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clonus  IB  not  ofUn  to  be  obtained,  perb&pt  becaiiH  the  muicle-reflei 
roech&niam  rel&ted  to  the  calf  musclea  has  not  reoeired  the  functions] 
derelopmtnt  that  mnit  result  from  the  proceH  of  walking,  with  iti 


Fta.  1£E. — Congenital  iputla  paraljili  (oarobnl).     Eitviuor  ipanD  In 

the  leg*  excited  by  ■  lenior;  impretiion.* 

Fio.  1S6. — InfaQtilfl  apmtla  p>rm1y*U  of  oerebnl  origim  erou-legg«d 
progreHion.     (Dnwn  bj  Dr.  Spancer,  from  k  photo(^ph.) 

recurrinf;  sequence  of  tension  and  contraction.  The  actare  cootractnn 
in  tbe  calf  muBcles,  whicb  most  coses  present,  is  a  serious  hiudruice 
to  wallciiig  even  when  the  muscular  power  is  sufficient,  and  it  ia  lung 
before  the  attempt  overcomes  the  contracture.  Ia  most  cases,  bow- 
ever,  the  cbtid  ultimately  gains  tbe  power  of  walking,  although  much 
later  than  normal,  and  often  with  some  peculiarity  of  gait,  sometimes 
a  tendency  to  "  cross-legged  progression,"  in  whicb  one  foot  gets  over 
or  in  front  of  tbe  other  (Fig.  126),  or  with  a  swinging  oscillation  of 
the  body,  which  may  persist  to  adult  life.  The  growth  of  the  less  is 
often  hindered. 

The  arms  do  not  present  tonic  spasm  such  as  is  seen  in  adult  cases. 
There  may  be  a  choreoid  disorder  of  morement,  spontaneons  irregular 
movements  with  inco- ordination,  but  in  the  cases  that  can  fairly  be 
Ciilled  "spastic  paraplegia"  the  arm  symptoms  are  slight.  When 
considerable  the  condition  is  oft«D  termed  "  double  athetOsiB,"  Its 
chtiTBCters  are  described  Id  vol.  ii. 

Transitional  forms  are  met  with  which  constitute  gradations  between 

primary  spastic  paraplegia  and  other  degenerations  of  the  spinal  cord. 

Slight  inco-ordi nation  may  co-eiist  in  cases  approximating  the  "  ataxia 

paraplegia  "  described  in  the  next  section.     Cases  may  begin  as  pnre 

■  Dnwii  bjr  Pr.  H.  B.  SpeiiMr,  frcno  s  photogrsph  bj  Ur,  Hj'da  Uaniott 
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tftbei,  uid  mdic&tioDB  of  lateml  solerosii  m&j  be  rapertKlded.  Slight 
maBcalar  wastini;  in  the  anns  maj  be  associated  with  indications  of 
Uteral  sclerosia  in  the  l^s,  and  constitute  a  transition  to  the  form  of 
spinal  mascolar  atropbj  to  wbiob  tbe  name  "  amyotrophic  lateral 
scleroBiB"  has  been  given  bj  Charcot.  Very  rarelr  considerable  mns- 
cnlar  wasting  succeeds  spasm  in  the  same  parL 

Lateral  sclerosis  of  the  spinal 
cord  (like  posterior  sclerosis) 
often  forms  part  of  tbe  morbid 
process  that  anderlies  general 
paralysis  of  tbe  insane.  In  some 
cases  of  this  character  the 
mental  symptoms  are  extremely 
slight,  and  tbe  case  m&y  have 
the  aspect  of  a  primary  spinal 
disease,  with  slight  mental 
failure  complicating  it. 

The  course  of  characteristic 
cases  of  primary  spastic  para- 
plegia is  thus  very  chronic.  The 
malady  may,  at  any  stage,  cease 
to  advance.  Slight  symptoms 
may  remain  stationary  for  twenty 
years.  Often,  however,  arrest 
only  occurs  when  the  disease 
has  reached  a  cunaideiable  de- 
gree. It  is  perhaps  the  least 
dangerous  to  life  of  any  chroDic 
spinal  disease.  £*en  secondary 
kidney  trouble  scarcely  ever  oo- 
CQTS  i  p«-baps  the  excessive  re- 
flex action  may  save  the  bladder 
from  injurious  over-distenaion. 
It  is  when  other  elements  of 
the  cord  suffer  that  dangerous 
complications  ensue. 

PATHOLoaioii.  Ajtatoht. — In 
the  fact  just  stated  we  probably 
have  an  explanation  of  tbe  silence  of  morbid  anatomy  on  the  subject  of 
uncompUcated  lateral  sclerosis.  "  Hec  ailet  mors,"  the  apt  motto  of  the 
Patbolc^cal  Society,  is  trae  chiefly  of  disease  that  kills.  Complete 
degeneration  of  the  pyramidal  tracts,  anterior  as  well  as  lateral,  is 
met  with  chiefly  is  cases  in  which  the  anterior  ganglion -cells  and  motor 
nerves  are  also  diseased,  although  in  some  instances  the  amount  of 
this  disease  is  small,  and  limited  to  tbe  cervical  region.    An  instance 

*  I  sm  indsbtcd  fnr  theM  wctioui  to  Dr.  Dresebrald,  wbo  hu  publiihcd  ttm  casa 
(■  British  HmL  Jonnul,'  Jan.  SStb,  1S81). 


Fia  l«7—Sc1eros>  of  the  lateral  and  (in 
the  cervical  region  anterior)  pjlamidal 
tracti,  with  aligfat  d^vnaration  of  the 
anterior  eornna.  A,  cervical  |  B,  Aw 
•al  I  C,  Inmhar  lactiona.* 
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of  »aeh  degenention  ia  thown  io  Fig.  127,  Tbe  d^^neiutioD  in  thu 
lumbar  ealargemeot  ia  aaoally  limited  to  the  Ut«nl  tract,  but  the 
anterior  tract  maj  be  affected  higher  up  the  cord,  ••  in  127.  a.  The 
lateral  acleroaia  ia  bounded  eitemally,  in  the  dorsal  and  cerrical 
regions,  \>j  the  normal  direct  cerebellar  tract,  and  iatornallj  bj  the 
narrow  "lateral  limiting  lajer  "  which  interrenes  between  the  pyra- 
midal tract  and  the  intermediate  gre;  matter.  There  is  the  usual 
increase  of  connecliTe  tiaaue  and  wasting  of  nerre-fibres.  In  many 
cases  granule-cell  a  are  abundant  in  the  affected  area.  Thej  are 
slw&ja  present  in  caaea  of  abort  duration,  and  indicate  the  stags 
rather  than  the  nature  of  the  proceaa.  The  degeneration  probably 
begina  in  all  cases  in  the  nerve-elemente  themselrefl.  Id  most  cases 
man;  nerre-fibrea  caa  atill  be  aeen,  scattered  through  the  sclerosed 
area;  moat  of  them  are  fibres  which  lie  in  the  pyramidal  tract, 
but  do  not  belong  to  it  The  degeneration  of  the  tract  has  been 
traced  through  the  medulla,  pons,  and  cerebral  hemispheres  to  tha 
motor  cortex,  in  which  indicationa  of  degeneration  haTe  alao  been 
found.  This  deseneration  through  the  brain  was  traced  in  one  esse 
in  which  the  disease  of  the  anterior  comna  was  slight,  the  wasting 
was  limited  to  the  hand  muscles,  and  the  spastic  paralysis  began  in 
the  legs  and  then  ioTsded  the  arms.*  Such  a  case  is  almost  a  pure 
degeneration  of  the  whole  of  the  first  segment  of  tbe  motor  patiL 


Tbe  degeneration  of  tbe  pyramidal  tracts  ia  well  shown  in  Vig.  126, 
from  a  case  of  progressive  mnscnlar  atrophy.  The  anterior  and 
lateral  tracta  are  eniirely  degenerated,  and  the  scleroaia  stops  atv 
ruptly  at  the  outer  margin  of  the  lateral,  but  in  front  extends  f<H< 
*  Eojewnikofl,  '  Areli.  d«  Ncorologia,'  ISSS,  No.  18. 
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wmrdt,  probablj  in  the  short  fibres  that  connect  the  anterior  comu 
at  different  levels.  In  other  cases,  in  which  the  anterior  ganglion- 
eells  were  normal,  the  sclerosis  has  not  been  limited  to  the  pyra- 
midal tracts ;  the  anterior  columns  have  been  also  sclerosed  in  the 
lumbar  region  of  the  cord.*  The  direct  cerebellar  tract  and  pos- 
terior vesicular  columns  have  been  also  found  degenerated  with  the 
pjramidal  tract,  and  an  annular  sclerosis  of  the  periphery  of  the 
antero-lateral  column  has  been  found  in  several  cases.f  More  frequent 
still  is  a  combination  with  degeneration  of  the  posterior  columns, 
described  more  fully  in  the  next  section.  In  most  of  these  combined 
cases  the  degeneration  has  lessened  in  the  upper  part  of  the  cord.  In 
•ne  case,  at  least,  the  white  columns  of  the  cord  have  been  found 
healthy.  The  probable  significance  of  tbis  fact  has  been  already 
stated.  It  should  be  remarked,  however,  that  there  seems  sometimes 
to  be  a  tendency  for  the  morbid  process  to  extend  beyond  the  pyra- 
midal tracts  in  a  manner  that  suggests  a  greater  tendeocy  for  the 
■econdary  connective-tissue  changes  to  take  on  an  independent 
invasive  activity  than  in  other  system  diseases.  (See  also  Ataxic 
Fkraplegia.)  Another  point  that  deserves  mention  is  the  occasional 
occurrence  of  lateral  sclerosis  in  association  with  insular  sclerosis.  In 
some  cases  of  this  character  the  degeneration  of  the  pyramidal  tracts 
18  purely  secondary,  the  result  of  the  damage  to  the  pyramidal  fibres 
by  an  islet  of  sclerosis  situated  in  some  part  of  their  course.  But  it 
does  not  appear  that  this  explanation  can  be  given  of  all  cases.  In 
some  instances  the  sclerosis  of  the  pyramidal  tract  appears  to  be  inde- 
pendent and  coincident.  A  similar  association  of  insular  and  posterior 
sclerosis  has  also  been  observed ;  and  such  combinations  receive 
additional  emphasis  from  the  fact  that  insular  sclerosis  may  be 
accompanied  by  a  primary  atrophy  of  the  optic  nerve,  precisely 
such  as  occurs  in  tabes.  These  facts  make  it  probable  that  lateral 
sclerosis,  although  a  system  disease,  is  often  one  of  less  strict  features 
than  tabes,  having  some  tendency  towards  chronic  myelitis.  We 
shall  see  that  this  is  true  also  of  ataxic  paraplegia. 

The  probable  mechanism  of  the  symptoms  that  g^ve  the  .dominant 
characters  to  the  malady  have  been  considered  in  the  general  account 
of  the  symptoms  of  disease  of  the  spinal  cord.  The  most  important  fact 
is  that  the  degeneration,  whatever  its  upward  extent,  always  involves 
the  lowest  part  of  the  pyramidal  segment,  because  it  seems  to  begin 
in  this  and  ascend  the  fibres.  Hence  the  intra-comual  termination 
must  always  be  involved.  This,  it  is  assumed,  is  the  structure  that 
controls  the  muscle-reflex  centre,  and  the  consequent  loss  of  control 

*  As  in  a  case  recorded  as  one  of  spastic  paraplegia  by  Hopkins  ('  Brain,'  Oct., 
1883),  but  tbis  was  an  example  of  combined  lateral  and  posterior  sclerosis  (ataxic 
paraplegia).  An  iilostration  of  tbe  cbanges  in  tbis  ease  is  given  in  tbe  next 
section. 

t  Direct  cerebellar  and  pyramidal  tracts  in  a  case  by  Minkowski,  in  wbicb  tbe 
disease  rapidly  succeeded  syphilis;   annular  sclerosis  by  Westpbal  (sea  ' 
Jkimplegia  **}• 
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espluDS  the  eicesB  of  mjotatic  irritability  and  the  progrflsnTe  ip&im, 
progreasire  by  what  tnajr  be  termed  a  fnnctional  h/pertrophj  result- 
ing from  continuous  orer-aotiou.  When  thtre  U  the  rare  consecutire 
wasting  of  muaclea,  we  must  coDceive  that  the  degeneration  inToIvei 
alao  the  gangtion-cetla  aud  lower  segment  of  the  motor  path  ;  when 
there  is  coincident  wasting  of  other  miiBclea  than  those  that  are  tbe 
seat  of  apaam,  it  would  seem  that  some  elements  of  this  lower  sei^ent 
are  the  seat  t>£  a  primary  degeneration.  The  slighter  muscalar  wast- 
ing without,  or  with  only  trifling,  change  in  electrical  irritabilitj,  ii 
the  expression  of  a  slighter  altsratton  in  the  nutrition  of  the  cells  and 
fibres,  without  actual  destructiTe  degeneration. 

DiAOKOsia. — The  diagaosis  rests  on  the  combination  of  weakneit, 
eiceag  oC  myotatic  irritability,  and  spasm, — od  the  gradual  onset  of 
these  symptoms, — and  alao  on  the  abaenco  of  indicationa  of  a  focal 
lesion.  An  acute  onset,  occupying  a  few  days  or  weeks,  is  primi 
facie  evidence  of  a  lesion  that  takes  the  case  out  of  the  categoiy 
it  d^eneratire  disease.  In  most  acute  cases  there  is  other  evidenoe 
of  a  focal  lesion,  extending,  at  some  leret,  beyond  the  limits  of  th« 
motor  path.  Such  indications  are  initial  impairment  of  sensation, 
or  a  girdle-pain.  The  latter  indicates  irritation  of  the  posterior 
root-fibres  at  a  certain  level,  and  proves  that  at  that  lerel  the  diseue 
extenda  beyond  the  limits  of  tbe  pyramidal  tracts.  Spastic  paraplegia 
is  common  after  such  leaiona,  but  is  secondary  and  not  primary. 

Although  marked  sensory  symptoms,  in  a  case  that  presents  tb« 
symptoms  and  courae  of  primary  lateral  sclerosis,  are  thus  evidence 
that  the  sclerosis  extends  beyond  the  motor  tracts,  aud  that  the  case 
is  not  one  of  pure  lateral  acteroaia,  it  is  doubtful  what  sigaificaaoe 
is  to  be  attached  to  very  slight  aenaory  symptoms,  sucb  as  slight  sntv 
jective  sensations  of  dull  pain,  formication,  &o.,  when  they  exist  alone. 
It  ii  possible  that  they  are  due  to  functional  disturbance  in  the  sen- 
sory nerve-el emente,  and  do  not  imply  structural  dineaae  outside  th> 
motor  area.  They  are  not  followed  by  any  more  pronounced  sensory 
symptoms. 

The  absence  of  objective  unsteadiness  is  the  chief  distinctioa  fioil 
ataxic  paraplegia  (q.  v.).  When  this  is8ltght,itmay  be  difficult touy 
in  which  ctaaa  a  case  ahould  be  placed.  There  are  no  doubt  intermediats 
caaes  in  which  there  is  a  very  slight  degree  of  the  additional  lesion  that 
exists  in  ataxic  paraplegia,  but  tbe  distinct  objective  character  of  *ilw 
ataxy  is  the  best  criterion.  Considerablemuscularwastingui  any  part 
is  commonly  regarded  aa  bringing  the  case  into  another  oategory,  thtt 
of  "  amyotrophic  lateral  sclerosis ;"  but  some  cases  of  the  kind,  ti 
which  the  wasting  is  confined  to  a  few  muscles,  rewmUa  mnm  finmlj 
the  cases  we  are  now  considering  than  they  do  thON  willi  iriilll  Bl»mA 
and  extreme  muscular  atrophy.  These  oaaei  we  tnrthar  fmiwidmi 
in  tbe  account  of  progressive  muscultir  atrophy. 

Primary  qwstic  paralysis  is  not  unooinnion  in  those  wbo  are  at  tbe 
age  and  of  tbe  sex  at  which  hysteria  prevails,  and  there  is  no  form  of 
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CH>rd  disease  that  is  so  often  mistaken  for  hysterical  paraplegia.  The 
mistake  is  facilitated  bj  the  perfect  muscular  nutrition.  But  the 
mistake  ought  not  to  occur,  as  the  peculiar  extensor  character  of  the 
spasm,  lessening  with  flexion,  is  distinctive ;  nothing  resembling  it 
ever  occurs  in  hysterical  paraplegia.  When  the  spasm  is  trifling  or 
absent,  as  in  slight  and  earlj  cases,  the  diagnostic  difficulty  is  much 
greater,  and  is  increased  by  the  fact  that  slight  excess  of  myotatic 
irritability  occurs  in  some  cases  of  so-called  hysterical  paralysis.  But 
this  scarcely  ever  reaches  the  degree  necessary  to  give  rise  to  a  true 
foot-clonus  or  a  rectus-clonus.  There  may  be  a  slight  clonus  pro- 
duced through  a  voluntary  depression  of  the  foot  of  the  patient  in 
response  to  the  passive  flexion  of  the  ankle,  and  readily  recognised  ; 
or  a  true  clonus  may  be  obtainable  during  hysterical  contracture,  but 
apart  from  such  contracture  a  true  foot-clonus  or  a  rectus-clonus 
deserves  the  greatest  weight,  as  all  but  conclusive  evidence  of  organic* 
disease.  I  have  known  many  mistakes  in  diagnosis,  in  which  lateral 
sclerosis  was  mistaken  for  hysterical  paraplegia  owing  to  disregard  of 
the  evidence  afforded  by  this  symptom,  but  I  have  never  known  the 
opposite  error  from  undue  regard  to  this  symptom.  Moreover, 
an  excess  of  myotatic  irritability  in  so-called  hysterical  paralysis  must 
depend  on  more  than  functional  disease.  There  must  be  changes  in 
nutrition,  and  consequent  persistent  defective  control  of  the  muscle- 
reflex  centres.  On  the  hypothesis  that  I  have  advanced,  this  control 
is  exerted  by  the  termination  of  the  pyramidal  fibres,  t.  e.  of  the  upper 
motor  segment,  by  the  structures  degeneration  of  which  probably 
causes  spastic  paraplegia.  A  case  is  actually  on  record  (the  case  of 
lateral  sclerosis  described  by  Charcot  in  1865)  in  which  an  initial 
hysterical  paraplegia,  cured  suddenly  and  relapsing  on  emotion,  passed 
ultimately  into  lateral  sclerosis. 

When  the  arm  and  leg  suffer  on  one  side  only,  the  disease  may  be 
mistaken  for  cerebral  hemiplegia.  There  is  not,  however,  any  affection 
of  the  face,  which,  although  theoretically  conceivable,  is,  as  a  matter 
of  fact,  always  absent.  The  limbs  on  the  other  side  are  never  quite 
normal,  but  present  slight  symptoms — weakness  and  an  excess  of 
myotatio  irritability — similar  to  those  on  the  affected  side,  which 
indicate  the  nature  of  the  malady. 

The  diagnosis  of  the  congenital  infantile  form  is  only  difficult  when 
the  obseryer  is  unaware  of  the  occurrence  of  these  cases.  A  slight 
degree  of  inco-ordination  in  the  hands  will  usually  be  found  if  they  are 
carefully  watched  while  the  patient  takes  hold  of  some  object.  The 
wide  separation  and  irregular  movement  of  the  fingers  is  very  charac- 
terifltio.  Chronio  primary  cord  diseases  are  almost  unknown  in  young 
children.  Caries  of  the  spine  is,  in  them,  the  chief  cause  of  para- 
plegia; ftndihe  definite  onset  of  the  paralysis,  in  a  previously  healthy 
duld,  is  an  absolate  distinction  from  the  cases  of  birth-palsy.  Other 
diagnostio  indioations  are  described  in  toI.  ii  (Infantile  Meningeal 
Tfimwrbaga).     A  definite  onset  also  distinguishes  glioma  of  the 
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pons,  which   maj  likewise    cause   spastic    paralysis  of    anns  and 
legs. 

Pbookosis. — In  primaij  lateral  sclerosis  there  is  some  prospect  of 
arrest,  and  even  of  improvement,  if  the  disease  has  not  reached  an 
advanced  stage.  Actual  recovery  is  rare,  but  does  sometimes  occur  in 
early  cases.  When  the  spastic  state  is  well  developed  and  has  lasted 
for  some  time,  it  is  very  rare  for  more  than  aiTest  to  be  obtained. 
This  is  perhaps  due  rather  to  the  tendency  of  the  disease  than  to  its 
degree,  since  a  similar  condition  that  is  secondary  to  a  focal  lesion 
often  recovers  perfectly ;  and  many  facts  show  that  it  is  not  likely  that 
there  is  anything  in  the  nature  of  the  lesion  to  preclude  the  restoration 
of  a  normal  condition,  until  dense  connective  tissue  has  replaced  the 
nerve-elements.  In  the  cases  that  improve  most,  it  is  possible  that 
the  disease  is  limited  to  the  terminal  structures.  We  have  not,  at 
present,  any  guide  to  the  prognosis  in  an  individual  case,  besides  its 
duration  and  degree,  except  its  observed  tendeucy,  especially  under 
treatment.    The  prognosis  of  the  infantile  form  is  considered  in  vol.  iL 

Tbeatmskt. — So  far  as  drugs  are  concerned,  the  treatment  is,  to  a 
large  extent,  the  same  as  that  of  posterior  sclerosis,  already  described. 
The  drugs  most  useful  are  the  same,  but,  unfortunately,  their  influence 
is  less  frequently  appreciable.  Nux  vomica  and  strychnine  have, 
however,  to  be  given  with  caution,  and  in  very  minute  doses,  as  they 
hare  a  tendency  to  increase  the  spasm.  In  severe  cases  this  is  a  most 
distressing  symptom,  and  often  not  amenable  to  any  influence. 
Bromide  sometimes  lessens  it  slightly,  but  even  large  doses  of 
bromide  have  but  a  trifling  effect.  Indian  hemp,  belladonna,  and 
calabar  bean  maybe  tried,  but  seldom  have  a  distinct  influence.  One 
of  them  may  be  combined  with  arsenic,  or  whatever  metallic  agent  is 
employed.  Absolute  rest  is  sometimes  of  service,  and  occasionally 
seems  to  produce  improvement,  which  all  treatment  failed  to  effect 
while  the  patient  was  walking  about.  The  avoidance  of  fatiguing 
exertion  is  a  very  important  element  in  treatment,  and  often  seems  to 
permit  medicines  to  do  good,  which  before  were  counteracted.  Sub- 
bing is  also  beneficial  in  some  cases.  Its  influence  on  the  spasm  is  often 
very  distinct  during  the  process,  and  a  long  course  of  rubbing  has 
produced  a  permanent  improvement  in  the  spastic  condition.  Upward 
rubbing  seems  to  have  more  influence  than  kneading  the  muscles.  If 
there  is  contracture  of  the  calf-muscles,  the  foot  should  be  pressed  up 
while  these  muscles  are  rubbed.  When  there  are  facilities  for  it,  the 
rubbing  may  advantageously  be  combined  with  sweating  in  the  Turkish 
bath.  In  one  case,  of  moderate  degree,  almost  all  the  symptoms 
passed  away  after  a  long  course  of  Turkish  baths,  arsenic  being  also 
given.  The  patient,  who  could  at  first  walk  scarcely  half  a  mile, 
became  able  to  walk  several  miles  without  fatigue,  and  the  improve- 
ment was  permanent.  Electricity  is  useless  in  the  pure  disease. 
Farad  ism  and  all  painful  applications  are  harmful,  stimulating 
further  the  already  excessive  excitability  of  the  reflex  centres.    The 
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eonstant  oarrent  to  the  muscles,  or  from  the  spine  to  the  muscles  oi 
to  the  feet  in  water,  has  no  distinct  influence  in  either  lessening  the 
spasm  or  improying  the  strength. 

In  the  infantile  form,  drugs  are  useless.  Bubbing  is  desirable,  and 
can  be  efficiently  performed  by  the  nurse  or  mother.  Oaref  uUj  planned 
gymnastic  exercises  are  also  useful.  The  tendo  Achillis  is  sometimes 
divided  for  the  contracture  of  the  calf-muscles,  but  the  operation  is 
useless  and  ought  never  to  be  performed.  Supports  help  the  child  to 
walk  somewhat  sooner  than  it  would  without  their  aid,  and  so  hasten 
improvement,  but  they  should  only  be  employed  when  there  is  suffi- 
cient power  and  control  to  make  them  useful  by  enabling  the  will 
to  effect  ordered  movements. 


ATAXIC  PARAPLEGIA 

(COMBIKBD   LATBBAIi  AVD   P08TSBI0B   SCLBBOSIS). 

The  term  ataxic  paraplegia  seems  the  most  accurate  clinical  de- 
signation for  a  disease  of  the  spinal  cord  which  presents  a  combination 
of  the  symptoms  of  paraplegia  and  ataxy,  and  consists  in  combined 
disease  of  the  posterior  and  lateral  columns.  Although  its  clinical 
features  present  some  varieties,  and  may  approach  those  of  each  of  its 
constituent  forms  of  disease,  yet  in  the  majority  of  cases  the  symptoms 
are  uniform,  and  sufficiently  characteristic  to  justify  the  distinction  of 
the  disease  and  its  separate  description.  A  few  pathological  obser- 
vations have  been  published.  The  following  account  is  based  on 
these  and  on  a  series  of  cases  that  have  come  under  my  own  observa- 
tion, and  of  which  the  clinical  characters  were  well  marked.* 

Causes. — Neurotic  heredity  is  to  be  traced  only  in  a  small  proportion 
of  the  cases— about  one  tenth.  A  history  of  syphilis  is  as  rare  as  it  is 
frequent  in  pure  tabes.  Males  suffer  much  more  frequently  than 
females.  The  disease  usually  commences  between  thirty  and  forty, 
but  I  have  known  it  to  begin  as  early  as  nineteen  and  as  late  as 
fifty-two,  while  commencement  at  fifteenf  and  at  sixty-one^  is  on 
record.  Exposure  to  cold  is  to  be  traced  occasionally  as  an  exciting 
cause.     In  one  young  lady  the  symptoms  commenced  after  a  season 

•  See  Prevort,  « Arcb.  de  Physiologie,'  t.  iv;  Fierrei,  ib. ;  Babeeien,  *  Virohow*! 
Arcbiv/  Bd.  Ixzvi ;  Kabler  and  Pick,  •  Arch.  f.  Pftychiatrie,'  Bd.  viii ;  Westpbal,  lb., 
Bd.  viii  and  x  ;  Dana, '  New  York  Med.  Record,'  Jnly  2, 1887 ;  and  Clarke, '  Brain,' 
1890.  The  condition  was  detcribed  by  D^j^ne  in  1884  under  the  name  of  "ataxo- 
paraplegic  tabes;"  see  Ladame,  'Brain,'  1890^  part  lii,  p.  680.  I  hsTe  not  seen 
DejMnei's  description,  and  did  not  know  of  it  when  the  aboTe  chapter  was  written. 

t  Oppenhetm, '  Neur.  Cent.,'  1888,  p.  647.  Saeh  early  cases  are  generally  isoUted 
forms  of  "  Hereditary  Ataxy."  {  Sackling,  <  Lancet,'  1886. 
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of  balls,  at  which  when  heated  she  would  habitoallj  sit  at  open 
windows,  and  often  sleep  in  clothes  saturatt^d  with  perspiration.  In 
a  few  cases,  severe  exertion,  such  as  excessive  athletics,  has  been  the 
apparent  canse.  A  serere  conclusion  of  the  spine  has  sometimes  pre- 
ceded the  first  symptoms  bj  a  few  months.  The  disease  may  also 
follow  great  sextial  excess.  In  many  cases  no  cause  can  be  traced, 
immediate  or  remote.  Its  general  etiology  thus  resembles  that  of 
simple  spastic  paraplegia. 

Symptoms. — The  onset  of  the  disease  is  usually  slow  and  gradual, 
two  or  three  years  passing  before  walking  power  is  much  impaired ;  it 
is  rarely  siif»aoute,  so  as  to  reach  a  considerable  degree  in  two  or  three 
months.  The  early  symptoms  resemble  those  of  spastic  paraplegia, 
with  the  addition  of  ataxic  unsteadiness,  which  may  be  at  first  the 
moflt  prominent  symptom.  The  legs  suffer  first,  often  alone,  or  the 
arms  may  also  be  involved.  The  patient  finds  that  he  tires  more 
readily  than  before,  and  also  becomes  unsteady  on  turning  or  walking 
in  the  dark,  and  these  symptonu  gradually  increase*  The  weakness 
may  be  slight,  but  if  all  the  movements  are  tested,  a  defect  in  power 
will  he  found  in  some,  often  most  in  the  flexors  of  the  knee  and  hip, 
and  f  rerjuently  more  in  one  leg  than  the  other.  The  patient  is  unsteady 
when  he  stands  with  feet  together,  and  he  tends  to  fall  if  the  eyes 
are  then  closed.  If  the  feet  are  bare,  the  irregular  action  of  the 
muscles  is  shown  by  the  movement  of  the  tendons  on  the  dorsum  of 
the  foot,  as  in  tabes.  In  eariy  cases,  the  inco-ordination  is  revealed 
by  the  patient's  gait,  which  is  distinctly  unsteady.  There  is  rarely 
the  high  movement  and  sudden  descent  of  the  feet  often  seen  in 
tabes«  but  (aa  in  many  cases  of  tabes)  the  patient  is  unsteady,  reels 
on  turning,  and  has  often  to  bring  his  foot  suddenly  to  the  ground  to 
maintain  his  equilibrium.  He  may  even  have  to  steady  himself  with 
a  stick,  or  to  catch  hold  of  some  adjacent  object,  to  save  himself  from 
falling.  The  ataxy  is  equally  evident  when  he  lies,  and  attempts,  his 
eyes  l)etng  closed,  to  touch  some  object  with  his  foot. 

The  sensory  and  reflex  symptoms  present  a  marked  contrast  to  those 
of  tabes.  Lightning  pains  are  almost  always  absent ;  I  have  only  met 
with  them  in  nne  case,  and  in  this  they  were  a  transient  symptom. 
Sometunes  there  is  a  alight  dull  pain  in  the  legs,  felt  especially  on 
t'ati&;ue.  Dull  pain  m  the  sacral  region  or  in  the  spine  is  not 
uucommon.  and  is  often  an  early  symptom.  The  sacral  pain,  indeed, 
is  tiuficxeatiy  frequent  to  deserve  special  note.  A  girdle- pain  is  met 
with  onir  in  rare  cases.  As  a  role  there  is  no  loss  of  sensation  either 
•  )u  the  leics  or  trunk.  Kvperseiithesia  is  equally  rare.  Reflex  action 
t'n.>m  che  sole  may  be  aormal  or  increased;  less  commonly  it  is 
iiiminishciL  Fhe  «*renmsteritf  and  abdominal  reflexes  are  sometimes 
!osu  rhe  inodC  strikmi;  'lifEBrence  from  tabes,  however,  is  in  the  oon- 
uitiua  ot  myotatac  imtabiiity.  which,  in  the  vast  majority  of  cases,  is 
rruatlj  ittcreased.  The  lou^-jerk  is  quick  and  extensive ;  it  can  be 
^klttiiMd  txvoi  ^aLow  (see  p.  16),  and  there  is  generallj  a  ^'    ' 
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rectuB-clonus.  The  foot-clonus  is  also  commonly  to  be  obtained. 
This  mjotatic  excess  persists  and  increases,  and  when  the  arms  are 
inTolTed  thej  present  symptoms  similar  to  those  in  the  legs — inco- 
ordination, Weakness,  and  marked  excess  of  the  mjotatic  irritability. 

There  may  be  conspicuous  ataxy  of  the  hands,  and  a  tendency  to 
cramp-like  spasm  on  an  attempt  to  nse  them.  The  muscles  in  both 
arms  and  legs  are  usually  well  nourished. 

Sexual  power  is  often  lost  early  in  the  disease.  The  sphincters  may 
be  impaired,  sometimes  early,  but  they  also  often  escape.  As  in 
other  diseases,  inability  to  empty  the  bladder  is  apt  to  develop 
insidiously,  without  the  patient's  knowledge,  and  the  organ  may  thus 
become  habitually  distended. 

The  iris  usually  acts  to  light,  but  I  have  seen  loss  of  the  light-reflex 
in  two  or  three  cases,  and  have  once  knowu  accommodation  to  be  lost, 
the  action  to  light  being  normal.  These  symptoms  occur  chiefly  in 
cases  following  syphilis.  Optic  nerve  atrophy  occurs  only  in  rare 
cases,  far  less  frequently  than  in  tabes  ;  I  have  seen  one  case  in  which 
there  were  indications  of  a  retro-ocular  axial  neuritis.  The  external 
ocular  muscles  are  unaffected  as  a  rule,  except  for  nystagmus,  which 
often  exists  on  movement  of  the  eyes,  but  seldom  when  they  are  at 
rest. 

Slight  impairment  of  articulation  is  not  uncommon ;  sometimes  there 
are  irregular  tremulous  movements  of  the  face  resembling  those  of 
general  paralysis,  and  this  in  cases  in  which  there  is  no  mental  change. 
Westphal  has  observed  marked  ataxy  of  the  facial  muscles.  As  a  rule 
the  mental  state  is  either  normal,  or  there  is  merely  slight  failure  of 
memory. 

As  the  disease  increases,  the  muscular  weakness  and  reflex  spasm 
become  more  and  more  considerable ;  while  the  ataxy,  after  reaching  a 
certain  degree  (not  sufficient  to  prevent  locomotion),  necessarily  sinks 
into  the  background  as  the  paralysis  increases.  With  the  increased 
weakness,  the  aspect  of  the  patient  comes  to  be  that  of  spastic 
paraplegia,  described  in  the  last  section.  Indications  of  unsteadiness 
may  still  be  observed  in  isolated  movements.  The  arms,  if  previously 
free,  may  begin  to  suffer,  but  sometimes  they  escape  altogether.  The 
motor  weakness  may  go  on  to  complete  paralysis.  This  is  quickly 
reached  in  some  cases,  but  so  slow  is  the  usual  progress  of  the  disease 
that  one  patient,  in  whom  the  disease  was  at  no  time  absolutely 
stationary,  was  still  able  tx>  stand,  after  eight  years.  In  spite  of  the 
progress  of  the  weakness,  sensation  remains  unimpaired,  and  the 
cranial  nerves  do  not  suffer. 

The  symptoms  present,  in  some  cases,  variations  from  this  type. 
Sensation  on  the  legs  may  be  impaired,  and  the  knee-jerk  may  be  lost. 
These  cases  are,  however,  very  rare,  and  are  probably  cases  of  true 
tabes  with  lateral  sclerosis  added.  Other  cases  occur  in  which  a  girdle- 
pain,  impaired  sensation,  &c.,  suggest  extensive  changes  in  the  cord, 
although  the  state  of  the  legs  is  that  common  in  the  disease.    Such 
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cases,  as  we  shall  see,  are  probably  examples  of  cbronic  m  jelitis,  or  are 
intermediate  between  that  and  the  disease  now  under  consideration. 

Ataxic  paraplegia  has  little  tendency  to  cause  death.  Indeed,  the 
fatal  cases  have,  for  the  most  part,  been  untypical,  and  do  not  convej 
an  accurate  idea  of  the  characters  of  the  disease.  The  chief  danger 
to  life  is  from  the  accidents  common  to  all  chronic  spinal  affectioni, 
— bedsores,  and  especially  kidney  disease  from  undiscovered  or 
untreated  imperfect  action  of  the  bladder. 

Among  complications  the  most  important  are  mental  changes 
resembling  those  of  general  paralysis  of  the  insane,  of  which  indeed 
this  combined  sclerosis  may  form  part.  Slight  muscular  atrophy 
sometimes  occurs.  Arthritis  of  doubtful  significance  has  been  onoe 
observed.  A  patient  of  Westpbal's  presented  derangement  of  the 
sympathetic,  and  died  from  peculiar  spasm  of  the  muscles  of  respira- 
tion.   Visceral  crises,  however,  are  practically  unknown. 

Pathological  Anatomy. — In  all  cases  the  spinal  cord  has  presented 
sclerosis  of  both  posterior  and  lateral  columns ;  but  the  precise  extent 
and  degree  of  the  degeneration  are  subject  to  considerable  variations. 
As  a  general  rule,  the  sclerosis  of  the  posterior  columns  differs  from 
that  of  tabes  in  two  particulars.  First,  it  is  not  more  intense,  and 
often  it  is  less  intense,  in  the  lumbar  than  in  the  dorsal  region  of  the 
oord.  Sometimes,  indeed,  as  in  the  case  shown  in  Fig.  129,  in  the 
middle  and  lower  parts  of  the  lumbar  region,  the  posterior  colunmB 
may  be  free  from  sclerosis,  although  it  is  considerable  in  the  dorsal 
region  and  at  the  junction  of  this  with  the  lumbar  enlargement  (b). 
The  second  difference  is  that  the  sclerosis  has  not  that  special  intensity 
in  the  root-zone  of  the  postero-external  column  which  characterise! 
the  lesion  of  tabes.  In  rare  cases  the  whole  posterior  column  in  the 
lumbar  region  is  diseased.  The  part  of  the  external  column  near  the 
commissure  and  near  the  neck  of  the  posterior  horn  usaally  remainf 
free.  Sometimes  the  degeneration  does  not  extend  up  to  the  posterior 
surface  of  the  cord ;  for  instance,  as  in  the  case  figured,  it  affects  chiefly 
the  middle  three  fifths  of  the  posterior  colunms.  When  the  degene- 
ration is  considerable,  the  posterior  median  columns,  in  the  upper 
part  of  the  cord,  may  present  the  usual  ascending  degeneration  of 
secondary  origin.  When  the  lesion  is  slight  in  degree  in  the  lower 
half  of  the  cord,  there  may  be  only  a  diffuse  degeneration  of  the 
columns  in  the  cervical  region,  similar  to  that  below,  and  not  the  more 
intense  limited  affection  of  the  median  part  which  occurs  when  there 
is  a  typical  ascending  degeneration  from  a  considerable  lesion  of  the 
column  lower  down. 

The  degeneration  in  the  lateral  columns  is  also  variable  in  extent 
and  position,  and  is  often  not  strictly  "  systemic  **  in  character, 
i.  e.  is  not  strictly  limited  to  a  single  system  of  fibres,  although 
the  pyramidal  tracts  ai*e  chiefly  affected.  In  one  or  two  cases, 
indeed,  the  whole  pyramidal  tract,  and  this  alone,  has  been  dege- 
nerated;   but  more  often  the  sclerosis,  while  intense  in  this  tiact» 
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alao  extends  in  front  of  it  into 
the  mixed  Bone  of  the  lateral 
eolamna  (Fig.  129.  K  b).  A. 
similar  extenBion,  however,  is 
UBtuUj  met  with  in  the  sclero- 
ns  that  attends  degeneration 
of  the  anterior  corona;  com- 
pare Fig.  127.  Tbe  Utoral 
limiting  lajer,  between  the 
pjramidal  tract  aod  the  grey 

matter,  maj  be  also  invaded. 
The     direct    cerebellar     tract 

often  escapes,  as  in  Fig.  129,  a 

(b  is  below  its  level  of  origin), 

bnt  it  is  affected  in  some  cases. 

Occasionally  a  sone  of  soterosis 

has  existed   in  the  whole  peri* 

phery  of   the  cord,   extending 

deeply  into  the  lateral  column 

in  the  position  of  the  pyra- 
midal  tract.      Tbis  tract  has 

been    found   diseased,  in   some 

degree,    in    all    cases,    and    in 

■ereral  the  extent  of  its  de- 
generation    has     been    greater 

in  the  lower  part  of  tbe  corJ 

than  in  the  upper.     Tbe  direct 

(anterior)  tract  may  be  affected 

as  well  aa  the  Interal,  and  ia 

oommonly  involved   when    the 

lenon    is  considerable   in   the 

upper  part  of  the  cord.     As  in 

most  other  degenerative  diseases 

of  tbe  cord,  there  mav  be  some      fta  1E9  — Atule  pirmple^c  a 

inore^e  of  co.^.ti™  ti..„.  in        S^::' "b' ffdt;:r',T  ^  d  taE 

the  unaffected   columns.     As  a  TI  e  p«t«nar  colamni   an  fre*   from 

rule    no    morbid     change    has         -"'"^  •   "  ^  "=7*  *"  ^^  anterior 

middle  and  imterior  parti  of  both  port.-med.  and  po<t.-eit.  colnmni  azeapt  io  tfaa 
neighbourhood  of  the  neck  of  the  bom  ;  in  A  the  icleroau  !i  alightar  and  ii  aoo- 
flned  to  the  middls  three  Sftba  of  tbeae  oolomni.  The  leleroaii  of  tha  lateral 
oolnmnj  in  C  ii  limited,  on  the  riRUt,ta  the  pjraniidil  tract,  on  Che  left  It  MClrTidii 
in  front  of  tliii ;  in  B  it  i(  wtrj  denae  In  the  whole  lateral  colamn,  invoMng  not 
only  the  pyramidal  tract  bnt  tile  limitiufc  layer,  and  part  of  the  "  mixed  aonaj"  in 
A  it  is  liiniltr  iu  axCeiit  bat  ■lighter  in  de^ee.  There  il  aome  increaae  of  tiaine 
throughout  the  anterior  columni.  and  a  focua  of  aeleroaia  near  the  anterior  flasozc, 
on  tbe  right  iu  A  and  B,  qd  both  aidca  iu  C* 

a  I  am  indebted  to  Mr,  J.  Hopklna  for  the  opportunity  of  drawing  tbeae  aectlonh 
The  patient  waa  a  m-in  aged  twentj-one,  in  wbom  weahne**  at  tlia  lafa  commenced 
at  twantj,  a(l«r  a  wetting,  improved,  and  then  alowlj  incnaMd.    He  wa* 
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been  recognised  in  the  grej  matter  or  in  the  membranes.  In  one  caie 
only  was  there  slight  meningitis.  Disease  of  the  ascending  root  of  the 
fifth  has  been  found  in  some  cases  ;*  in  one  there  was  also  atrophy  of 
the  cells  of  the  oculo-motor  nucleus,  and  the  case  thns  differed  ood- 
siderablj  from  the  type.     The  muscles  have  been  found  normal. 

Pathology. — ^The  double  lesion  in  the  posterior  and  lateral  colnmnB 
supplies  an  explanation  of  the  two  sets  of  symptoms  which  characterise 
the  disease.  The  inco-ordination  must  be  referred  to  the  disease  of 
the  posterior  columns,  which,  greatest  in  the  dorsal  region,  invohes 
there  the  fibres  that  conduct  impulses  from  the  muscles,  probably 
to  the  cerebellum.f  The  effect  must  be  to  lessen  the  cerebellar 
guidance,  and  this  explains  the  resemblance  of  the  inco-ordination 
to  that  in  cerebellar  disease.  The  fact  that  the  disease  does  not 
extend  into  the  lumbar  root-zone  accounts  for  the  integrity  of  the 
muscle- reflex  action,  and  enables  us  to  understand  this  marked  differ- 
ence  from  tabes.  Disease  of  the  direct  cerebellar  tract  probably  has  an 
influence  similar  to  that  of  the  posterior  median  columns  (see  p.  215). 
That  interruption  of  the  conducting  path  in  the  cord  will  produce 
inco-ordination  is,  as  we  have  seen  (p.  205),  well  established.  The 
sclerosis  in  ataxic  paraplegia  occupies  also  the  region  of  the  cord  in 
which  the  short  vertical  fibres  run,  connecting  the  posterior  grey 
matter  at  different  levels,  and  it  is  possible  that  the  damage  to  these 
fibres  may  contribute  to  the  ataxy. 

The  only  recognisable  lesion  that  can  be  regarded  as  the  cause  of 
the  paralysis  is  the  degeneration  of  the  pyramidal  tract.  The  state- 
ments made  regarding  spastic  paraplegia  apply  also  to  the  disease,  and 
need  not  be  repeated.  The  lesion  has  been  found  greater  on  the  side 
on  which  one  leg  was  weaker  than  the  other.  The  variations  in  the 
amount  of  disease,  which  does  not  always  correspond  to  the  degree  of 
palsy,  are  probably  due  to  the  fact  that  the  latter  may  be  caused  by 
degeneration  of  the  teimination  of  the  fibres,  which  may  be  much 
greater  than  that  of  the  fibres  higher  up  the  cord.  In  most  cases  that 
have  been  examined,  the  visible  disease  was  greater  in  the  lower  than 

a  year  after  the  oniet,  with  considerable  weaknena  of  the  legs,  a  reeling,  nnsteadj 
gait,  increased  knee>Jerk,  foot-clonnt,  bat  with  do  ansBsthesia,  watting  of  miuelei, 
painty  or  affection  of  the  arms.  The  lymptoms  ilowly  increased,  paraplegia  became 
absolute,  and  the  spasm  very  intense,  sometimes  flexor  and  sometimes  extensor. 
There  was  a  doubtful  impairment  of  lensibility  to  touch  on  the  legs,  bat  no  loss  to 
pain.  The  sphincters  became  affected,  bedsores  formed,  and  the  patient  died  two 
years  after  the  onset.     Fuller  details  will  be  found  in  *  Brain,'  October,  1883,  p.  883. 

•  Oppenheim,  •Neur.  Cent.,'  1888>  p.  647. 

f  Much  evidence  has  been  obtained  of  the  connection  of  the  posterior  median 
columns  with  the  cerebellum  through  the  grey  matter  of  its  bulbar  nndeas,  and 
also  of  the  effect  of  interruption  of  these  coluuni  in  the  dorsal  cord,  in  cauiing 
inco-ordination  like  that  of  cerebellar  disease.  Besides  the  experiments  of  Bech« 
terew  on  the  latter  point  already  mentioned  (p.  215),  a  recent  important  inrestigs- 
tion  into  the  connections  of  the  cerebellum  fully  confirms  that  with  the  post* 
pymmidal  uucleus  (Brosset,  'Coulrib.  k  I'^tude  des  Connexions  da  Cerfelet/  Pkris, 
1891). 
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in  the  upper  part  of  the  cord,  increasing  from  above  downwards,  a 
fact  which  suggests  thafc  the  maximum  lesion  is  at  the  lowest  part^ 
in  the  terminal  ramification  within  the  grey  matter. 

The  chief  pathological  difficulty  arises  from  the  fact,  which  we  have 
already  considered  in  connection  with  spastic  paraplegia,  that  the 
morbid  process  often  extends  beyond  the  limit  of  the  tracts  chiefly 
diseased.  It  tends  to  assume  a  diffuse  character,  so  that  it  has 
been  regarded  by  some  as  rather  a  chronic  myelitis  than  a  system 
degeneration.  It  may  occupy  an  intermediate  position,  and  illustrate 
the  fact  that  thei'e  is  a  close  connection  between  the  primary  decay  of 
nerre-elements  and  the  growth  of  the  connective-tissue  elements  that 
replace  the  former.  In  a  pure  secondary  degeneration  this  growth  is 
limited  to  the  tract  affected,  but  even  in  tabes  it  may  manifest  some 
degree  of  independence,  which  seems  to  be  still  greater  in  ataxic 
paraplegia.  Sometimes,  indeed,  the  primary  morbid  tendency  may  be 
doable,  involving  both  the  nerve-elements  and  interstitial  tissue.  If 
it  so  far  preponderates  in  the  latter  as  to  cause  considerable  changes 
outside  the  tracts  specially  diseased,  and  marked  symptoms,  such  as 
a  girdle-pain  or  loss  of  sensation,  the  condition  is  really  one  of  chronic 
myelitis,  and  the  cases  should  be  so  classified.  This  is  probably  the 
true  solution  of  the  problem,  which  has  been  much  discussed,  whether 
the  malady  is  or  is  not  a  system  disease.  It  is  so  in  typical  cases, 
but  it  is  on  the  border  of  the  group  of  system  diseases,  and  inter* 
mediate  cases  connect  it  with  diseases  of  diffuse  character  and  non- 
systemic  nature. 

Diagnosis. — The  diseases  from  which  ataxic  paraplegia  has  to  be 
distinguished  differ  according  to  the  stage  of  the  disease  at  which  the 
diagnostic  problem  presents  itself.  The  dominant  symptom  in  the 
early  period  is  the  inco-ordination  ;  in  the  later  period,  the  spastic  palsy. 
Hence  the  disease  in  the  early  stage  is  liable  to  be  confounded  with 
pure  locomotor  ataxy,  but  the  condition  of  the  knee-jerk,  lost  in  the 
one,  excessive  in  the  other,  is  distinctive.  In  the  rare  cases  of 
early  tabes  in  which  it  is  not  lost,  it  is  never  increased.  In  tabes, 
there  is  not  the  loss  of  power  which  will  always  be  found  in  ataxic 
paraplegia,  and  when  a  clonus  and  extensor  spasm  are  added,  there 
should  be  no  risk  of  confusion;  but  it  is  necessary  to  emphasize  the 
distinction,  because  cases  with  much  unsteadiness  are  frequently 
described  as  tabes  with  preserved  knee-jerk.  From  primary  spastic 
paraplegia  the  diagnosis  depends  on  the  presence  of  inco-ordination, 
or  in  a  history  of  it,  if  voluntary  power  has  become  too  slight  to  be 
susceptible  of  derangement.  Ataxic  paraplegia  is  spastic  paraplegia 
plus  inco-ordination.  If  the  ataxy  is  considerable,  as  it  often  is,  the 
distinction  is  easy  enough,  as  experience  shows  that  it  is  chiefly  with 
tabes  that  such  cases  are  confounded.  If  slight,  it  may  be  difficult  to 
say  in  which  class  the  case  should  be  placed ;  the  best  criterion  is 
that  mentioned  in  the  ac<^ount  of  spastic  paraplegia,  the  distinctly 
objective  character  of  the  unsteadiness.     The  so-called  "  hereditary 
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atax J "  presents  a  close  resemblance  to  ataxic  paraplegia,  and  is, 
indeed,  as  we  shall  see,  intermediate  between  this  disease  and  true 
tabes.  It  is  distinguished  bj  its  occurrence  in  several  members  of 
the  same  family,  and  bj  the  common  loss  of  the  knee-jerk ;  while  the 
presence  of  nystagmus,  of  some  impairment  of  articulation,  and  of 
other  symptoms  described  in  the  account  of  the  disease,  distinguish 
the  isolated  cases  that  are  sometimes  met  with. 

The  distinction  from  diffuse  or  focal  chronic  myelitis  depends  chiefly 
on  the  extent  of  the  symptoms  in  the  former,  and  their  limitation  in 
the  latter.  The  subacute  forms  of  myelitis  are  also  distinguished  by 
their  more  rapid  onset.*  The  greatest  difficulty  is  presented  by  cases 
which  have  a  subacute  onset,  and  the  distinction  from  a  local  myelitis 
involying  the  posterior  and  lateral  columns  may  be  yery  difficult  It 
depends  chiefly  on  the  progpressive  tendency  of  the  symptoms,  which 
contrasttf  with  the  regressive  tendency  of  myelitis.  It  is  possible  that 
when  there  is  a  degenerative  tendency,  a  focal  myelitis  maj  set  up  a 
progressive  degeneration  in  the  columns  concerned,  as  it  certainly  may 
set  up  a  degeneration  limited  to  the  posterior  columns. 

A  tumour  in  the  middle  lobe  of  the  cerebellum  may  cause  unsteadi- 
ness, closely  resembling  that  of  some  coses  of  ataxic  paraplegia,  and 
it  may  also  cause  weakness  of  the  legs  with  increased  knee-jerk,  from 
the  pressure  on  the  pyramidal  fibres  as  they  pass  through  the  pons. 
In  such  cases,  indeed,  we  probably  have  the  two  elements  of  the 
disease,  produced  in  a  different  manner,  by  lesions  of  different  posi- 
tion. We  have  a  degeneration  of  the  lateral  columns  which  is  secon- 
dary instead  of  primary,  and  we  have  disease  of  the  co-ordinating 
centre  instead  of  interruption  of  the  path  to  it.  But  the  weakness 
in  the  let^s  is  never  great  in  cerebellar  tumour,  and  special  symptoms 
of  this  are  never  absent.  Occipital  headache,  vomiting,  and  optic 
neuritis  are  present  in  most  cases.  In  a  case  in  which  the  pons  is 
compressed,  some  cranial  nerves  are  usually  also  damaged. 

Pboonosis. — The  prognosis  in  ataxic  paraplegia  is  similar  to  that  in 
the  spastic  form,  and  depends  on  similar  considerations,  which  need 
not  be  here  repeated. 

Treatment. — The  treatment  of  ataxic  paraplegia  is  the  same  as  that 
of  the  allied  diseases,  and  especially  of  spastic  paraplegia,  to  the  account 
of  which  the  reader  is  referred. 


PELLAGRA. 


Pellagra  is  an  endemic  malady  which,  though  fortunately  unknown 
in  this  country,  deserves  mention  here  on  account  of  the  incidence  of 
its  effects  on  the  spinal  cord.     Its  chief  anatomical  lesion  seems  to  be 

^  For  lome  initructive  Dot«t  on  thit  point  in  diagnotU  tee  Dreschfeld,  '  Brain,' 
January,  1888. 
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a  degeneration  of  the  lateral  and  posterior  columng  of  the  cord, 
corresponding  closely  to  that  of  ataxic  paraplegia,  and,  as  in  that 
disease,  with  a  greater  affection  of  the  lateral  than  of  the  posterior 
columns.  It  differs,  however,  in  the  fact  that  some  atrophy  of  the 
large  nerve-cells  of  the  anterior  coraua  is  common,  and  also  in  the 
constancy  with  which  chronic  inflammation  of  the  pia  mater  is  met 
with,  sometimes  accompanied  by  the  formation  of  bony  plates  in  the 
arachnoid. 

The  Cause  of  the  disease  appears  to  be  the  action,  on  the  elements 
of  the  spiual  cord,  of  an  organised  yirus  (or  of  some  product  of 
this)  which  is  taken  into  the  system  with  diseased  maize.  The  yirus 
has  been  thought  by  some  (as  Lombroso)  to  be  a  fungus  growing  in 
the  maize ;  by  others  to  be  specific  micro-organisms  of  other  than 
fungoid  nature,  present  in  the  maize,  which  develop  in  the  system 
and  produce  there  the  toxic  agent  that  has  a  special  action  on  the 
nerve-elements  (Belmondo). 

The  8ymptam$  resemble  very  closely  those  of  ataxic  paraplegia. 
There  is  weakness  in  the  legs,  with  increased  mjotatic  irritability 
g^ing  on  to  spasm ;  unsteadiness  of  movement,  especially  in  the  early 
stages,  sometimes  accompanied  by  tremor.  Sensibility  may  be  normal, 
or  the  perception  of  touch  or  pain  may  be  increased  or  lessened. 
Belmondo,  from  an  important  series  of  investigations,*  has  arrired  at 
the  conclusion  that  the  symptoms  depend  on  a  primary  systemic 
degeneration  of  the  neire-elements  of  the  pyramidal  tracts  and 
posterior  columns,  determined  by  the  influence  of  the  toxic  agent. 
The  course  of  the  disease  is  chronic,  but  sometimes  an  intensely  acute 
stage  comes  on,  with  symptoms  of  spinal  meningitis, — a  condition  to 
which  the  term  '*  typhus  pellagrosus  "  has  been  applied.  After  death 
in  this  state  there  are  often  found  commencing  acute  myelitis,  in 
addition  to  the  inflammation  of  the  membranes,  and  also  swelling  of 
the  intestinal  lymphatic  glands,  with  signs  of  enteritis, — indications 
of  an  acute  blood -state  which  justifies  the  view  that  the  affection  is, 
primarily,  a  toxaemic  malady. 


''HEREDTTAEY  ATAXY  ** 

(fbiedbeich's  dissasb,  hebedit^bt  atazio  pabaplxgia). 

The  so-called  hereditary  ataxy  is  a  form  of  ataxy,  or  rather  of  ataxic 
paraplegia,  depending  on  combined  posterior  and  lateral  sclerosis, 
which  occurs  in  families,  and  differs  further  from  the  common  forms 
of  tabes  and  of  ataxic  paraplegia  in  the  early  age  at  which  it  always 
commences,  and  in  the  presence  of  certain  additional  symptoms.  It 
is  often  termed  "Friedreich's  disease,"  because  this  physician  first 

•  *  B«T.  Spenment.,'  188^90,  sv  and  zvi. 
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described  the  cbaracteristic  features  of  the  inaladj  and  the  lesion  in 
the  posterior  columns.* 

The  dependence  of  the  disease  on  a  congenital  tendency  is  olearlj 
shown  bj  its  usual  occurrence  in  families.  But  direct  inheritance  Las 
been  traced  in  only  a  few  instances.  In  one,  the  mother  of  the  familj 
affected,  and  her  mother,  both  suffered  from  the  disease.  That  a 
general  neuropathic  inheritance  is  also  sometimes  effective  is  shown 
by  cases  in  which  there  is  a  history  of  other  neurotic  diseases,  such  as 
insanity  or  epilepsy,  in  collaterals  or  ancestors.  Two  brothers  who 
were  affected  bad  another  brother  epileptic,  and  a  sister  suffered  from 
repeated  attacks  of  chorea.  Alcoholism  in  parents  has  been  supposed 
to  be  influential,  but  the  evidence  of  this  is  not  strong.  Consanguinity 
of  parents  has  existed  in  some  instances,  and  has  doubtless  intensified 
the  morbid  tendency  in  these  cases. 

The  family  tendency  of  the  disease  is  shown  by  the  affection,  in  most 
instances,  of  brothers  and  sisters.  Thus  sixty-flve  cases  were  distri- 
buted in  nineteen  families,  giving  an  average  of  rather  more  than  three 
to  each.  The  number  affected  in  one  generation  has  varied  from  two 
to  eight  In  the  case  in  which  the  mother  and  grandmother  suffered, 
an  uncle  and  seven  children  were  also  affected,  making  ten  in  one 
family.  Few  isolated  cases  have  been  recorded,  but  they  certainly 
occur.  Probably  the  nature  of  the  affection  has  not  been  suspected 
on  account  of  tbe  isolation.  In  many  of  these  cases  (to  judge  from  mj 
own  observations)  this  feature  extends  beyond  the  disease ;  the  patient 
is  an  only  child,  or  the  only  one  of  tbe  sex  in  the  family.  Thus  one 
patient  was  tbe  only  daughter,  and  her  tour  brothers  were  healthy. 

The  two  sexes  present  nearly  equal  liability;  males  slightly  pre- 
ponderate (thirty-flve  males  to  thirty  females).  In  some  families  tbe 
two  sexes  have  suffered  equally,  but  in  others  tbe  disease  has  shown  a 
marked  tendency  to  affect  one  sex.  Thus  in  one  family  of  nineteen, 
the  two  males  suffered,  and  the  seventeen  females  escaped.  In 
another  instance,  recorded  by  Musso,  a  brother  and  sister  (the  off- 
spring of  a  melancholic  mother)  married  healthy  individuals;  the 
brother  bad  tbree  daughters  affected  out  of  seven  living  children ;  and 
of  the  sister's  children  three  sons  were  diseased.  A  curious  fact  is  that 
tbree  of  the  brother's  and  four  of  tbe  sister's  children  were  born  dead. 

The  age  at  which  tbe  first  symptoms  are  recognised  has  varied 
between  two  and  twenty-four  jears.f    The  seventh  and  eighth  years 

*  Friedreich's  first  account  was  given  to  a  medical  tociety  in  1861,  and  published 
in  'Yircbow's  Arcbiv'  (Bd.  zxvi  and  zzvii)  in  1863.  Further  cases  were  published 
by  bim  in  1876  (ib.,  Bd.  Izviii  and  Izz),  and  a  collection  of  57  cases  ii  given  bj  Dr. 
Everett  Smith,  '  Boston  Med.  and  Surg.  Journal/  Oct.  16,  1885.  See  also  Ormertxl, 
•  Brain/  Jan.,  1888;  Dej^rine,  'Med.  Moderue/  1890,  No.  25,  and  'La  Sem.  M^/ 
1890,  Nos.  11,  12;  and  especially  Soca,  *Th^8e  de^Puris/  1888  (who  baa  collected 
165  cases — many,  however,  doubtful),  and  Ladame, '  Brain,'  1890,  pt.  Ui,  wher«  a 
full  bibliog^phy  will  be  found. 

t  In  the  family  recorded  by  Everett  Smith,  tbe  father  presented  sjinptoms  of 
ataxic  paraplegia  at  the  age  of  sixty-six,  coming  on  gradually  after  an  attack  of 
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of  life  are  those  in  which  disease  most  often  begins ;  and  next  comes 
the  period  of  puberty,  from  twelve  to  sixteen.  In  isolated  instances 
the  onset  is  generally  later  than  in  the  grouped  cases.  It  begins 
somewhat  earlier  in  males  than  in  females,  and  often  commences  about 
the  same  period  in  the  same  family. 

Immediate  causes  can  rarely  be  traced;  preceding  acute  diseases 
may  have  facilitated  the  onset,  but  can  scarcely  have  done  more. 

Symptoms. — The  first  and  chief  manifestation  of  the  disease  is  a 
gradual  impairment  of  co-ordination,  first  in  the  legs  and  afterwards 
in  the  arms.  Initial  pains  scarcely  ever  occur.  The  ataxy  is  shown 
by  unsteadiness  in  standing  and  walking,  at  first  slight,  but  slowly 
increasing,  until  the  feet  have  to  be  placed  wide  apart  in  standmg,  and 
the  patient  reels  in  walking  like  one  imder  the  influence  of  alcohoL 
The  feet  are  not  often  raised  too  high,  unless  when  an  unusually  long 
step  is  taken.  Closure  of  the  eyes  causes  a  considerable  increase  in 
the  unsteadiness  in  some  cases ;  in  others  it  has  but  little  influence. 
Children  often  first  show  the  affection  by  the  readiness  with  which 
they  stumble  and  falL  The  impairment  of  movement  in  the  arms  is  of 
a  similar  character,  but  usually  commences  some  time  after  that  of  the 
legs.  There  is  irregularity  in  the  voluntary  movement  of  the  arms  and 
fingers,  and  the  ataxy  has  often  a  distinctly  jerky  character.  In  most 
oases  the  power  of  the  muscles  is  at  first  unimpaired ;  their  nutrition 
is  good,  but  the  myotatic  irritability  is  lost.  In  most  cases  the  knee- 
jerk  has  been  found  absent  as  soon  as  the  patient  came  under  obser- 
vation ;  in  one  case  it  disappeared  after  the  other  symptoms  had  set 
in ;  in  another  it  was  normal  on  one  side,  absent  on  the  other.  In 
several  there  has  been  no  change  long  after  all  the  other  charac- 
teristic symptoms  had  manifested  themselves ;  very  rarely  it  has  been 
increased,  chiefly  in  untypical  cases. 

As  the  disease  progresses,  some  jerky  irregularity  develops  in  the 
movements  of  the  neck  and  head,  so  that  the  head  presents  slight 
unsteady  movements,  sometimes  like  an  irregular  tremor,  when  it  is 
supported  by  the  muscles.  Speech  is  also  impaired;  syllables  are 
elided,  and  there  may  be,  with  this,  an  occasional  hesitation.  There 
is  no  twitching  of  lips,  but  occasional  jerky  movements  have  been 
noted  in  the  tongue.  The  affection  of  speech  is  not  often  an  early 
symptom.  It  may  not  be  noticed  until  three,  five,  or  ten  years  after 
the  onset  of  the  other  symptoms.  In  most  cases  (but  not  in  all)  there 
is  nystagmus  when  the  eyes  are  moved  laterally  or  upwards.  Some- 
times the  movement  is  slower  than  in  most  forms  of  nystagmus,  and 
it  is  rarely  present  when  the  eyes  are  at  rest,  directed  straight 
forwards.  This  symptom  may  come  on  after  those  in  the  limbs,  but 
careful  examination  will  often  reveal  it  in  the  early  stage.    Paralysis 


rheomatiflm  produced  by  exposure  to  cold.  In  the  age  of  the  lafferer  this 
ftuidf  alone  in  the  history  of  the  disease,  and  is  not  included  in  the  figares  given* 
The  ease  may  be  a  mere  coincidence^  or  may  show  that  a  latent  predispoation  may 
persist  throngh  life. 
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of  the  ocular  muscles  is  very  rare ;  in  one  case  there  was  rtrabismni 
with  double  vision,*  and  slight  diplopia  sometimes  eziKts  for  a  time  and 
passes  awaj.  Optic  nerve  atroph  j  never  occurs.  The  pupils  are  osnallj 
normal,  but  several  cases  have  been  recorded  in  which  there  has  been 
loss  of  the  light  reflex.  Whenever  this  condition  exists,  evidence 
of  hereditary  syphilis  should  be  most  carefully  sought  for,  as  it  is 
probable  that  luany  of  the  cases  in  which  this  loss  was  met  with  were 
cases  of  true  tabes,  with  some  involvement  of  the  lateral  columns, 
occurring  in  young  persons,  and  should  not  be  classed  with  the  disease 
in  question. 

Sensory  symptoms  are  very  variable.  Lightning  pains  and  anj 
severe  pains  are  extremely  rare,  though  in  one  or  two  recorded  b- 
stances  they  have  been  severe ;  but  slight  dull  or  rheumatoid  pains  in 
the  legs  are  not  uncommon.  Sensibility  has  been  quite  normal  in 
many  cases  even  of  severe  degpree ;  in  others  there  has  been  slight 
anaesthesia  in  the  legs,  early  in  some  instances,  late  in  others.  In  one 
case  there  was  delay  of  conduction,  such  as  is  met  with  in  tabes  ,*t 
rarely  sensibility  to  pain  and  temperature  is  impaired.  The  sense  of 
posture  of  the  limbs  has  been  found  normal  in  several  cases  in  which 
it  has  been  examined.  The  electro-sensibility  of  the  muscles  is  said 
to  be  sometimes  lessened.  Increased  sensitiveness  to  pain  is  occa- 
sionally met  with.  Beflex  action  from  the  sole  is  usually  preserved, 
but  may  be  lost  when  there  is  ansssthesia.  The  cremaster  reflex  is 
often  lost.  On  account  of  the  age  of  the  patients  little  is  known  of 
the  condition  of  sexual  power,  but  it  is  certainly  often  absent. 
Menstruation  usually  becomes  irreg^olar  and  ceases.  The  sphincten, 
as  a  rule,  are  unaffected.  There  is  no  tendency  to  trophic  changes  in 
the  skin  or  joints. 

Although  muscular  power  is  commonly  normal  at  first,  and  may  be 
normal  even  when  the  ataxy  is  considerable,  it  usually  becomes  impaired 
as  the  disease  progresses,  and  sometimes  weakness  comes  on,  with  the 
ataxy,  at  the  onset  of  the  disease.  The  loss  of  power  is  always 
greatest  in  the  legs,  and  may  be  confined  to  them.  The  flexors  suffer 
more  than  the  extensors,  and  the  weakness  in  the  flexors  of  the  anUe 
may  permit  some  degree  of  talipes  to  occur.  The  loss  of  power  maj 
be  ultimately  great,  although  it  rarely  amounts  to  absolute  paralysis. 
Slight  wasting  of  the  muscles  may  occur  in  the  later  stages  of  the 
disease,  attended  with  only  trifling  depression  of  the  electrical  con- 
tractility ;  in  two  recorded  cases,  however,  a  brother  and  sister,  then 
was  great  atrophy  of  muscles  with  altered  electrieal  reactions.t 
Lateral  curvature  of  the  spine,  and  talipes  equinns  <Hr  eqidno-vams 
of  the  feet,  are  common  as  later  results  of  the  muscular  weakness, 
developing  under  the  influence  of  posture;  and  ooatrmclioii  of  the 
flexors  of  the  knees  has  also  resulted* 

•  Chartoe.  •  Pro^.  M^'  1887,  K«l  23. 
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Visceral  crises  do  not  occur.  Frequencj  of  palse  has  been  noted, 
however,  in  many  cases,  and  curious  vaso-motor  symptoms  (flushing, 
oedema,  sweating,  polyuria,  and  salivation)  were  present  in  one  of 
Friedreich's  cases.  There  is  no  mental  change  that  can  be  regarded 
as  part  of  the  disease,  although  imbecility  has  co-existed  (Power).* 

The  isolated  cases  may  correspond  closely  to  the  type,  presenting 
the  same  nystagmus,  weakness,  and  unsteadiness;  many  of  these 
cases,  however,  differ  somewhat,  although  sufficiently  characteristic 
in  their  main  features  to  justify  their  inclusion.  Speech  more  often 
escapes.  I  have  once  met  with  a  congenital  lisp.  In  some  the  sym- 
ptoms are  slight,  and  have  developed  late.  A  difficulty  in  micturition 
may  precede  other  symptoms.  There  are  also  cases,  sporadic  and 
grouped,  in  which  coarse  tremor  is  conspicuous,  and  the  condition  might 
be  regarded  as  one  of  sim  pie  tremor,  were  it  not  for  the  presence  or 
development  of  other  symptoms.  For  instance,  one  man  had  clipping 
speech  *'all  his  life;"  between  forty  and  fifty,  difficulty  in  writing 
came  on,  owing  to  a  peculiar  spasmodic  tremor  in  both  arms,  brought 
on  also  in  the  legs  by  exertion ;  at  fifty,  unsteadiness  on  walking  was 
added.    There  was  a  history  of  a  similar  affection  in  several  relatives. 

The  rate  of  progress  of  the  malady  varies  much,  even  in  different 
members  of  the  same  family.  One,  in  whom  the  disease  commenced 
last,  may  be  unable  to  walk  while  another  who  suffered  sooner  may 
be  still  in  the  early  stage  of  the  disease.  Now  and  then  the  disease  is 
stationary  for  many  years.  The  duration  of  the  malady  is  corre- 
spondingly variable.  It  is  always  long,  even  more  than  thirty  years, 
and  in  many  instances  it  has  not  apparently  shortened  life.  On 
the  other  hand,  death  may  occur  at  the  end  of  ten  or  twelve  years. 
The  end  has  generally  come  from  intercurrent  affections,  rarely  from 
exhaustion.     Acute  myelitis  has  also  caused  death  (Everett  Smith). 

Patholooical  Anatomy. — ^The  lesion  in  hereditary  ataxy  is  that 
of  ataxic  paraplegia  and  of  tabes  combined.  There  is  degeneration  in 
the  lateral  column,  often  also  in  the  anterior  column,  such  as  occurs 
in  ataxic  paraplegia ;  but  the  sclerosis  of  the  posterior  column  is  more 
intense  than  in  that  disease,  and  it  is  also  more  extensive,  especially  in 
the  lumbar  region.  It  is  similar  to  the  degeneration  of  tabes,  and 
agrees  with  this  also  in  that  the  posterior  nerve-roots  are  usually 
affected,  whereas  in  ataxic  paraplegia  they  almost  invariably  escape. 

The  distribution  of  the  lesions  shows  a  close  correspondence  in 
different  cases,  as  will  be  seen  by  a  comparison  of  the  figures  here 
given,  which  are  from  three  different  cases  of  the  d  isease.  The  sclerosis 
of  the  posterior  columns  may  be  complete  throughout  the  cord,  with 
the  exception  of  a  narrow  band  near  the  neck  of  the  comu,  which 
always  remains  but  little  damaged.  In  the  lumbar  region  it  is  usually 
intense  up  to  the  head  of  the  horn  and  the  posterior  surface  of  the 
cord  ;  occasionally,  however,  it  is  somewhat  less  intense  in  this  region 

*  An  excellent  analysis  of  the  nymptoms,  &c.,  is  given  by  Crozier  Qriffith  ('Tran^. 
Coll.  Phys.  PhiUdelphia,'  1888);  mid  by  Ladame  (*  Brain,'  1890,  pt  62). 
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than  it  u  higher  np,  «xtendiDg,  n«Tflrtbeles>,  inta  the  root-cone.  Id 
the  cerrical  region  the  Bulerosia  maj  also  be  general,  or  it  maj  be 
greatest  in  the  root-zone  and  in  the  poaterior  median  colamni.  Tlie 
cervical  root-zone  neTer  eacapeB,  ai  it  often  doet  in 
tabei. 

The  degeoeratioD  of  the  lateral  colnmna  alwayi 
inrolvet  the  pyramidal  tracts,  and  is  most  interne 
i'l  Ui?ir  |>03itioD.  It  is  not,  hoireTer,  iimited  to  tiiem. 
It  usually  extends  outwards  to  the  periphei/  of  the 
cord,  even  where  the  pyramidal  tract  does  not  reach 
the  surface,  thus  iuToking  the  direct  cerelellu 
tract ;  and  it  also  extends  forwards  at  the  surface,  m 
as  to  constitute  a  band  of  annular  sclerosis,  which 
varies  in  thickness  in  different  parts  of  the  cord  uod 
in  dlilereDt  cases  (Figs  130,  132).  In  the  inner 
part  of  the  anleriur  column  there  uia^  b«  a  distinct 


S^j^-t  pj^   131.-HerediUrj  nUiy  i  Mctbn  of  ipInKl  card 

Fia.  130. — Hendl-  at  Hnt  lumbar  *«|!Ui«it.    Scleratii  of  tha  whol«  ot 

tarj  atuj ;   dia-  tl»  poitcnor  column*  aiacpt  &  nuTow  lane  adja- 

tribatioo  of  de-  cent  to  th«  n«ek  of  tha  horn.     Degeneration  kI«> 

ircneration  in  tha  of  the  Interal  pjramicUl  trmeta,  ftnd,  in  front  of 

white     ouluiniii,  thia,  ilight  degeneration  in  the  •uparflcisi  Ujer  of 

indicated  by  the  the   Ut«r«l   column.      Adjecent   io    the   anterior 

doitM     ihn'rlinit.  median  Suure  ihere  ti  alw  a  lone  of  Kleroeii  of 

(After         Fried-  the  iint«rior  (.yramidal  tr»rt,  which  eitendi,  in  thU 

reicb.)  cur.l.  inH  the  lumbar  re|tion." 


*  I  am  indebted  for  thii  iertjon  to  Dr.  Everett  Smith,  wbo  ba*  pnbliahed  the  OMe 
1q  the  '  Boiton  Med.  and  Surg.  Jonmil,'  Ot^t.  IG,  1S85.  The  patient  wa*  one  of  tbiea 
■iiten  aSei'ted  with  the  diwaee,  the  brother!  being  healthir.  T!ia  fatber  ■ofiatid 
from  ataxic  p«nple);ii  Inle  in  life,  M  mentioned  on  p.  462.  In  the  cue  from  wbid 
the  drawing  i*  umde,  tha  in  co-ordination  begau  in  ths  lege  at  tlie  a^  of  niBeteea, 
and  in  tha  armi  loon  afberwirdi,  nod  «ra>  quickly  followed  bj  la«  of  powsr,  which 
graduall J  increaaed  to  almoet  universal  paraljoi,  with  ansenlar  eootractaree  (talipM 
eqnino-Tamt,  ftc.)  and  conuderable  hMi  ot  eeuaation.  Tbere  wea  nirstagmna,  aff«» 
tioD  of  articulatioD,  and  aome  maulal  dnineaa.    Death  oemurvd  at  tha  a|ts  *f  fort;. 


«•  HBBBDtTABT  ATAIT. 

ftrak  of  degeneratiaa  in  the 
poution  oF  the  anterior 
pyramidal  tract  Th  a  la 
eeea  ia  F  g  131  ui  which 
this  tract  eitflnds  uuusu 
allj  low  in  the  cord  and  s 
distiactl/  degenerated  in 
the  upper  part  of  the  lum 
bar  ealar^ment  Atrophy 
of  the  poster  or  Tea  cal&r 
column  haa  been  found 
asBociated  w  th  that  of  the 
direct  cerebellar  tract 
Slight  abnormal  appear 
ancea  have  been  seen  in 
the  Derre-cella  of  the  ante- 
rior comua  in  some  caaea 
but,  as  a  rule  these  are 
normal,  and  the  grej 
matter  preaenta  no  other 
diseaae.  It  13  verj  likely 
however,  that  future  obser- 
Tatione  will  reveal  the  oc- 
currence of  changes  in  the 
nerve-cella  of  the  posterior 
homa,  aucb  as  are  met  wiih 
in  tabea. 

The  pia  mater  over  the 
posterior  columns  haa  been 
fouud  thickened.  The  pos- 
terior nerve-roota  usually 
present  some  degeneration 
of  their  fibres;  thia  may  be 
partial  (Fig.  133,  s),  or  may 
amount  to  total  destruction 
of  the  fibres  (as  at  c).  The 
peripheral  nerves  in  the 
limbs  have  been  found 
normaL* 

Some  general  shrinking 

•  Friedreich,  '  Tirohoir'i  Ar- 
ehi»,'  Bd.  Ux,  p.  14B.  ""■ 

t  For  the  Mctioni  from  which  tba  di 
(irho  prepared  them)  uid  tha  lata  Dr,  Ma 

Onj'i  HoipiUL  Tbc  earn  (full  deUilj  of  which  will  be  fonnd  in  ft  rM«at  volnmc  of 
the  '  Qay'i  HmpiMl  Reparti ')  ij  one  of  a  leriei  of  Bve  caiet  (four  brotben  and  k 
■later)  whiph  1  re|>orted  toma  year*  a^o  to  the  Clinioat  Societ;  ('Clin.  Soc  Tnua«* 

ml.  liv.  I8S1.  p.  I). 


ibar  than  in  the  other  parta.  In  tha 
aatero-Utenl  columni  there  ii  m  annular  tona 
of  ■cieroaU  in  the  periphery  of  the  cord,  widen- 
ing in  the  region  of  the  pymmidal  tract.  In 
front  of  this  tract  tlie  tone  ii  widest  in  tha 
doranl  region,  and  triflinic  in  Atgrrv  in  tha  Inm- 
bu.  The  grej  matter  la  bat  little  affected.t 
indebted  to  Dr.  HU 

I,  nnder  whoae  care  the  patient  died  ii 
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&nd  induration  of  tbe  pons  and  medulla  were  fouad  b;  Frie<lrci<^h, 
with  atropby  of  the  cells  of  the  poit-p^rramidal  nucleus  uid  aome 
degeneration  of  tberci- 
tiform  bodiea,  bat  none 
of  the  anterior  pjrft- 
mids.  Corpora  amj- 
lacea  vere  preseot  in 
the  hypoglossal  nervfs. 
Atropbj  of  the  cere- 
belluni  was  found  in 
ODe  case ;  the  cells  of 
Purkinje  were  dimio- 
ished  in  numbers,  but 
showed  no  sign  of 
atrophj  or  degene- 
ration* 

P^THOLOflT. — Tbe 
disease  apparent!/  oc- 
cupies a  clinical  aad 
pathological  position 
between  the  combined 
sclerosis  deecribed  at 
at&xic  paraplegia  and 
simple  tabei,  resem> 
bliog  the  former  in  ibe 
common  affection  of  the 
lateral  and  posterior 
columns,  and  the  consequent  weakness  with  ataij — resembling  it  also 
in  tbe  imperfect  limitation  of  the  rhanges,  and  in  tbe  iotensitj  of  tbots 
ID  the  middle  of  the  posterior  columns  in  the  dorsal  region ;  but  it 
differs  from  this,  and  resembles  tabids,  in  the  degree  of  affection  of  tbe 
posterior  columns  in  tbe  lumbar  regions,  tbe  eitension  in  slight 
do^'ree  into  the  root-zones,  and  tbe  affection  of  the  posterior  roots; 
with  these  tbe  loss  of  tbe  knee-jerk  and  tbe  affection  of  sensation  are 
appanntly  couneited.  Tbe  isolated  cases,  occasionallj  met  with, 
present  tbe  same  comblnetiou  of  spinal  symiitoms.  The  precise 
origin  of  the  affection  of  aiticulatiou  and  of  tbe  njstugmui  haa  not 
yet  betn  traced. 

The  age  at  which  the  disease  commences,  long  liefore  the  period  at 
which  ordinary  degenerations  occur,  and  its  family  grouping, 
suggest  that  its  ultimate  cause  is  a  congenital  tendency  of  develop- 
ment, by  which  the  affected  elements  hare  a  briefer  period  of  vital 
endurance  than  the  other  tissues  of  the  organism.  Mobios  has 
suggested  that  there  is  an  actual  arrest  of  derelopment  of  these 
structures,  but  it  is  evident  that  their  development  suffices  for  perfect 
function  during  the  early  part  of  life,  and  that  their  functional 
•  P.  Msiiiel, '  Arcb.  f.  Ptycb..'  Bd.  uii,  H.  1,  p.  16a 


Pie.  133.— HeriHlitRry  »Uij;  depeneration  of  pml 
r{orner>e-raata(fromt)isuiii«ck*eHi  Fik.  1£4). 
nnnn*l  antt'Ttor  root,  for  oompiriiaTi.  B,  poit«ri 
root,  pBrtiillr  d«KBnerated  i  ■  few  normil  nen 
flbrM  are  wen,  but  moit  of  the  apaea*  which  alion 
contain  nervr-flbrea  ar*  empty.  C.  poiterior  mi 
U>t*.\ij  defcen anted,  probablj  bj  a  more  acute  pi 
c«ai  than  that  of  B,  ^nca  there  U  •otna  dcatractii 
of  the  aepta  and  increase  of  amorphoua  oonnect! 
tiaine.  The  prodncti  of  degenentioQ  are  rendrr 
inviaible  bj  the  mode  of  prepaTntion.  (Compare 
with  tbe  (imilar  changM  in  a  totaltf  dr^enerat 
peripheral  nerve  abown  in  Fig.  G«,  b,  p.  182.) 
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capacity  undergoes  subsequent  failure,  which  can  only  be  due  to  a 
process  of  structural  change.  It  is  possible  that  we  have  here,  again, 
a  double  morbid  process,  and  that  a  tendency  to  early  degeneration  in 
the  nerve-elements  is  associated  with  -v  converse  tendency  to  over- 
growth of  the  interstitial  tissue,  analogous  to  that  which  we  have  in 
the  muscles  in  Pseudo-hypertrophic  Paralysis  {q.  v,).  In  this  con- 
nection it  is  important  to  note  that,  in  one  case,  the  neuroglial  over- 
growth suggested  a  pure  increase  of  the  normal  tissue,  rather  than  a 
result  of  iuflamuiation ;  and  the  peripheral  sensory  nerves,  although 
not  degenerated,  contained  a  considerable  number  of  embryonal 
nerve-fibres  in  the  fasciculi.*  Dejerine  would  regard  the  neuroglial 
increase  as  the  sole  element  in  the  morbid  process ;  but  the  fact  last 
mentioned,  as  well  as  the  preponderant  aiEection  of  certain  tracts, 
makes  it  improbable  that  this  exclusive  view  is  correct 

Diagnosis. — In  most  cases  the  inco-ordination  is  sufficiently  pre- 
dominant to  suggest  that  the  disease  is  a  form  of  ataxy,  and  the 
unsteadiness  of  the  head,  the  aiEection  of  articulation,  the  nystagmus, 
and  the  age  at  onset,  suffice  for  the  distinction  from  ordinary  tabes. 
The  common  form  of  ataxic  paraplegia  bears  a  close  resemblance  to 
this  disease,  a  resemblance  that  is  more  than  superficial,  although  the 
excessive  knee-jerk  and  foot-clonus,  almost  always  present  in  ataxic 
paraplegia,  are  usually  absent  in  hereditary  ataxy ;  much  spasm  is 
always  absent,  and  nystagmu;$  is  common.  The  difference  in  the  state 
of  myotatic  irritability  is,  as  we  have  seen,  not  absolute ;  cases  of 
combined  lateral  and  posterior  sclerosis  occur,  of  tabetic  type,  in 
which  the  knee-jerk  is  lost,  and  in  at  least  one  case  of  hereditary 
ataxy  the  knee-jerk  has  been  excessive.  The  age  of  onset  and  family 
multiplicity  may  decide  the  question,  but  the  isolated  cases,  which 
are  by  no  means  rare,  commencing  soon  after  puberty,  are  not  dis- 
tinguishable from  the  hereditary  disease ;  they  seem  to  be  analogous  to 
the  isolated  cases  of  pseudo-  hypertrophic  paralysis.  A  greater  difficulty 
is  presented  by  cases  of  slight  tabes  in  children,  the  subjects  of 
inherited  syphilis,  in  whom  it  is  not  uncommon  for  some,  weakness  of 
the  legs  to  co-exist,  or  speech  to  be  disordered,  in  consequence  of  some 
early  lesion  of  the  brain.  The  loss  of  the  iris-reflex  should  suggest 
inherited  syphilis,  and  other  indications  of  this  will  often  decide  the 
nature  of  the  case. 

Disseminated  sclerosis  presents  inco-ordination,  nystagmus,  and 
impaired  articulation,  but  the  ataxy  of  the  arms  differs  in  the  wide 
range  and  violent  character  of  the  disordering  jerks  which  characterise 
this  disease ;  while  simple  unsteadiness  of  the  legs  is  very  rare,  and 
the  course  of  the  malady  is  more  rapid.  The  affection  of  speech 
differs  from  that  of  hereditary  ataxy  in  being  simply  **  staccato,"  with 
undue  separation  of  syllables,  which  are  rarely  run  together.  The 
cases  are  always  isolated. 

Cerebellar  tumour  and  hereditary  ataxy  can  hardly  be  confounded, 

•  Aiuciier,  *1m  Semaine  M^V  189a  ^o.  82. 
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in  spite  of  the  fact  tbat  the  unsteadiDess  in  walking* is  very  similar  in 
the  two  diseases  ;  the  com  mo  u  affection  of  the  arms  in  the  one,  and 
the  conspicuous  head  symptoms  (severe  pain,  optic  neuritis,  &c.)  of 
the  other,  sufficiently  distinguish  them.  It  is  very  common  for  the 
tremor  of  the  head  to  be  at  first  ascribed  to  mere  "  nervousness,"  and 
also  for  the  isolated  form,  in  girls,  to  be  regarded  as  hysterical.  The 
presence  of  nystagmus  should  at  once  decide  the  question ;  it  ia 
absolute  proof  of  definite  disease. 

Pboonosis. — The  prognosis  in  every  case  is  very  serious,  since  the 
disease,  being  a  developmental  affection,  is  essentially  progressive ;  but 
life  may  be  prolonged  for  many  years,  and  in  slight  cases  the  malady 
may  interfere  comparatively  little  with  the  patient's  occupation. 
Thus  I  have  known  a  man,  with  very  marked  symptoms,  follow  his 
business  as  a  tradesman  for  many  years.  The  only  guide  to 
individual  prognosis  is  the  observed  rate  of  progress,  which  has  little 
relation  to  the  age  at  which  the  symptoms  commence. 

Tbxatment. — As  in  other  diseases  that  depend  on  a  congenital 
tendency,  treatment  is  almost  powerless.  The  measures  recommended 
for  ordinary  locomotor  ataxy  (apart  from  those  suggested  by  the 
special  symptoms  of  tabes)  are  those  most  suitable  to  the  hereditary 
form.  Arsenic,  phosphorus,  and  nitrate  of  silver  deserve  a  trial ;  now 
and  then  they  seem  to  check  the  progress  of  the  disease  for  a  lunger 
or  shortt^r  time,  but  its  individual  tendency  determines  its  course, 
almost  irrespective  of  treatment. 


SIMPLE  SENILE  PAliAPLEGIA. 

This  name  seems  the  most  unobjectionable  for  a  condition,  somewhat 
rare,  which  appears  hitherto  to  have  been  unrecognised.*  It  is  con- 
fined to  late  life,  occurring  in  those  over  40,  and  especially  oyer  50.  Iti 
characteristic  is  simple  weakness  of  the  legs,  with  some  slowness  of 
movement,  but  without  wasting,  sensory  disturbance,  or  reflex  altera- 
tion. The  knee-jerk  is  normal,  and  there  is  no  foot-clonus.  The 
malady  develops  very  gradually  and  is  slowly  progressive,  although  it 
seems  seldom  to  attain  such  a  degree  as  to  prevent  standing.  The  con- 
dition of  the  legs  resembles  that  in  cases  of  paralysis  agitans  without 
tremor,  in  which  the  malady  is  manifested  only  by  weakness,  and  stiH 
slowness  of  movement  of  the  limbs,  face,  and  trunk.  Cases  are  met 
with  in  which  the  condition  of  the  legs  above  described  is  associated 
with  slight  symptoms  in  the  arms  and  face,  such  as  characterise  these 
cases  of  paralysis  agitans.  This  senile  paraplegia  is  probablj  a  partial 
development  of  the  morbid  process  of  that  disease ;  instead  of  being 
general,  it  is  limited  to  the  structures  for  the  legs.  If,  as  the  condition 
seems  to  suggest,  paralysis  agitans  depends  on  peculiar  changes  in  the 
*  A  uote  apon  it  by  myself  appeared  in  the  '  CentralbL  f.  KerTaokr.,'  1890. 
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nutrition  and  function  of  the  motor  cells  of  the  cortex  cerebri  (which 
impair  the  power  and  alter  the  action  of  the  celU,  but  do  not  usuallj 
go  on  to  Buch  destructiye  alteration  as  entails  secondary  degeneration 
of  the  pyramidal  fibres),  we  can  readily  conceive  that  such  a  process 
may  be  sometimes  limited  to  the  leg-centres,  and  may  cause  the 
symptoms.  If  so,  the  malady  is  a  cerebral  and  not  a  spinal  one,  but 
it  is  mentioned  here  on  account  of  its  paraplegic  features,  and  their 
resemblance  to  those  of  disease  of  the  spinal  cord.  Degeneratiye 
changes  may,  howeyer,  be  yarious  in  kind  and  degree,  especiaUy  in 
late  life ;  cases  occur,  similar  to  these,  but  with  myotatic  excess  con* 
necting  them  with  the  destructive  changes  of  lateral  sclerosis,  while 
others  present  such  symptoms  as  nystagmus  or  impeded  articulation— 
evidence  that  the  altered  nutrition  is  wider  in  its  range. 


CHRONIC  SPINAL  MUSCULAR  ATROPHY 

(PBOOBKSSiyi    MUSGULAJt    ATBOPHY ;    WASTING    PAL8T ;   AMTOTBOPHIO 
LA.TBJLAJ1  SCLBKOSIS  ;  CH&ONIC  POLIO-MTBLITIS). 

The  disease  which  has  long  been  known  by  the  names  "  progressive 
muscular  atrophy  "  and  '*  wasting  paJsy "  is  characterised  by  slow 
wasting  of  the  muscles,  beginning  in  some  one  part,  and  usually 
spreading  and  increasing  until  it  is  wide  in  extent  and  extreme  in 
degree.  The  changes  in  the  muscles  depend  on  changes  in  the  spinal 
cord,  a  slow  degeneration  of  the  ganglion-cells  of  the  anterior  oomua, 
accompanied  by  a  similar  degeneration  in  the  motor  nerve-fibres  which 
spring  from  the  cells.  With  this  degeneration  of  the  cells  and  peri- 
pheral fibres  there  is  usually  also  associated  a  degeneration  of  the 
pyramidal  tracts  in  the  cord,  sometimes,  at  least,  to  be  traced  up  to  the 
motor  cortex  of  the  brain. 

Chronic  muscular  atrophy  was  separated  from  primary  paralysis  by 
Sir  Charles  Bell,  and  was  afterwards  described  more  fully  by  Aran  and 
Cruveilbier.  Bell  and  Cruveilhier  regarded  it  as  a  spinal  disease. 
Aran  (who  first  called  it  "progressive  muscular  atrophy")  thoi^ght 
that  it  was  primarily  a  disease  of  the  muscles,  a  view  that  was  after- 
wards held  by  Duchenne,  and  subsequently  also  by  Friedreich.  This 
opinion  was  supplemented  by  a  theory  that  the  wasting  was  due  to  a 
disturbance  of  the  sympathetic.  Lockhart  Clarke  first  discovered  the 
disease  of  the  grey  substance  of  the  spinal  cord,  and  Charcot  specially 
associated  the  atrophy  with  the  wasting  of  the  ganglion-cells.  When 
the  constancy  of  the  spinal  lesion  was  demonstrated,  it  was  thought 
that  every  form  of  chronic  muscular  atrophy  was  of  spinal  origin  ;  but 
this  view  has  proved  erroneous,  and  it  has  been  shown  that  there  are 
forms  of  muscular  atrophy  which  are  purel  v  local  and  idiopathic.  The 
morbid  process  is  not  confined  to  the  spinal  cord.  Atrophy  of  the 
nerve- cells  from  which  the  motor  bulbar  nerves  arise  often  accompanies 
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that  of  the  spinal  cells,  and  **  progressive  bulbar  paralysis  **  is  then 
associated  with  *'  progressive  muscular  atrophj : "  it  often  comes  on 
after  the  disease  has  existed  for  some  time,  and  ends  life ;  occasionallj 
it  initiates  the  malady. 

Two  yarieties  of  the  disease  have  been  distinguished  bj  Charcot, 
who  has  been  followed  in  this  bj  most  subsequent  writers.  In  the 
one  variety  the  disease  is  manifested  only  by  the  wasting  of  the  mus- 
cles ;  in  the  other  there  are,  in  parts  other  than  those  much  atrophied, 
the  indications  of  degeneration  of  the  pyramidal  tracts  of  the  cord. 
In  the  latter  cases,  Charcot  regarded  the  degeneration  of  the  pyramidal 
tracts  as  the  primary  lesion,  and  the  affection  of  the  comua  aa  secon- 
dary. He  therefore  termed  the  cases  of  the  first  class  *'  protopathic," 
and  those  of  the  second  class  "  deuteropathic,"  and  gave  to  the  latter 
the  name  "  amyotrophic  lateral  sclerosis."  In  Germany,  however,  and 
especially  by  Ley  den,  doubts  have  been  expressed  as  to  the  validity  of 
the  distinction  between  the  two  classes  of  cases,  and  as  to  the  sequence 
of  the  lesions  in  the  second  class.  These  doubts  are  not  without  foun- 
dation. The  subject  will  be  discussed  when  the  pathology  of  the 
disease  is  considered,  and  reasons  will  then  be  given  for  the  course 
here  adopted  of  considering  the  two  varieties  together  as  essentially 
one  disease. 

But  cases  are  also  met  with  (although  not  frequently)  that  present 
every  gradation  to  subacute  polio-myelitis  in  one  direction,  and  perhaps 
also  to  polyneuritis  in  another.  Attempts  are  being  made  to  classify 
these,  but  types  may  be  multiplied  indefinitely  from  the  intermediate 
forms,  and  many  more  pathological  and  clinical  observations  are  neces- 
sary before  a  useful  classification  of  the  cases  can  be  made.  In  the 
following  description  the  common  forms  are  chiefly  considered. 

Causes. — ^The  disease  is  more  frequent  in  males  than  in  females,  the 
|iroportion  being  about  three  to  one.  It  is  chiefly  a  disease  of  adult 
life,  commencing  usually  between  twenty-five  and  forty-five.  I  hate 
known  it  to  begin  at  fourteen  and  as  late  as  seventy,  and  a  case  is 
recorded  in  which  it  began  at  twelve  ;*  there  was  wasting  and  rigidity  m 
the  limbs,  tongue,  lips,  and  lower  fiice.  Bat  most  cases  of  muscukr 
atrophy  in  early  life  are  idiopathic,  and  not  spinal.  Heredity  is  to  be 
traced  only  in  less  than  half  the  cases,  and  generally  as  an  indirect 
neuropathic  dis(H>sition.  Hardly  there  is  direct  inheritance  of  the 
disease.  Among  instances  that  I  have  met  with  are  a  lady  whose 
mother  died  from  a  similar  atrophy,  and  another  case  (from  which 
Fig.  135  is  takeu)  in  which  a  brother  had  died  from  some  chronic  disease 
of  the  cord,  attended  with  wasting ;  but  three  cases  with  bulbar  symp- 
toms have  been  recorded*  two  of  whom  were  cousins,  the  children  of  two 
sisters :  the  third,  who  had  had  syphilis,  was  a  cousin,  but 
was  nntjpicaLt  Direct  inheritance  seems  to  be  most  common  in 
that  occur  late  in  life.    When  manv  members  of  a  fiunil v  suffer  from 
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muscular  atropby,  the  malady  is  nearlj  aJways  idiopathic  and  not 
BpinaL  The  affection  occurs  in  all  classes  of  society,  and  it  is  doubt- 
ful whether  workers  with  the  muscles  furnish  a  larger  proportion  of 
the  cases  than  can  bo  accounted  for  by  their  greater  exposure  to  certain 
eiciting  causes. 

Of  these  more  direct  causes  one  of  the  most  frequent  is  mental  dbtress 
and  anxiety,  and  this  is  especially  met  with  in  females  and  in  late  life. 
A  severe  fright  has  been  thought  to  excite  it.  Another  cause  is  ex- 
posure to  wet  cold,  which  is  also  a  cause  of  many  other  chronic  spinal 
diseases.  Sometimes  the  exposure  has  been  habitual;  sometimes  a 
single  exposure  has  been  effective,  and  some  neuralgic  pains,  indicative 
of  the  deleterious  influence  on  the  nervous  system,  have  followed 
the  exposure  and  connected  it  with  the  later  wasting.  The  pain 
has  been  either  in  the  part  afterwards  wasted,  or  in  some  other, 
more  common,  seat  of  neuralgia.  Thus  oue  patient,  after  remaining 
in  wet  clothes  for  twelve  hours,  suffered  for  six  weeks  from  severe 
neuralgia  in  the  left  side  of  the  face,  and  then  the  muscles  of  the  left 
shoulder  began  to  waste.  Although  excessive  use  of  mdividual 
muscles  may  cause  them  to  waste,  it  is  doubtful  whether  this  influeuce 
produces  general  muscular  atrophy.  Injury  to  the  cord,  such  as  results 
from  concussion  of  the  spine,  is  a  rare  cause.  It  more  often  produces 
disseminated  myelitis,  which  may  be  manifested  by  muscular  wasting 
combined  with  other  symptoms.*  In  a  few  instances  I  have  known 
progressive  atrophy,  of  typical  characters,  to  slowly  follow  a  concussion, 
as  if  this  had  set  up  a  perversion  of  the  nutrition  of  the  nerve-elements. 
Still  more  rarely  a  fall,  injuring  oue  limb,  has  been  followed  by 
muscular  atrophy  commencing  in  this  limb  and  becoming  general. 
Thus  a  woman  fell  downstairs,  and  pitched  on  her  left  hand  and 
wrist;  she  had  pain  in  the  arm  for  a  long  time;  two  years  after 
the  fall  this  arm  began  to  waste,  and  the  atrophy  ultimately  became 
generaL  The  relation  might  be  passed  as  an  accidental  coincidence, 
were  it  not  that  in  other  central  diseases — even,  for  instance,  in  para- 
lysis agitans — the  symptoms  may  commence  in  an  injured  limb.  In 
rare  cases,  the  disease  develops,  during  adult  life,  in  a  subject  of  old 
infantile  palsy  (polio-myelitis),  and  may  start  from  the  most  affected 
part  (see  p.  864). 

The  disease  sometimes  succeeds  syphilis,  and  no  other  cause  may 
be  traceable.  As  with  other  degenerative  diseases,  an  interval  of 
years  elspses  between  the  primary  disease  and  its  nervous  sequel. 
The  cases  that  I  have  seen  after  syphilis  have  been  typical  in  course, 
and  evidently  degenerative  in  nature.  That  syphilis  has  some  share 
in  the  causation  of  these  cases  is  probable  from  its  relation  to  other 
diseases,  such  as  tabes ;  but  it  is  noteworthy  that  in  one  case  the 
wasting  commenced  during,  and  in  another  directly  after,  an  energetic 

*  In  one  nnasnal  case  tbe  wattintr  (ultimately  general)  hegAu  in  the  deltoids  a 
month  after  a  fall,  which  probably  fractured  the  bate  of  the  skuU  (Manor,  'Alienist 
and  Neurologist/  1886,  p.  430). 
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moronrial  course.  Tbis  relation  is  intelligible  if  the  disease  is  due  to 
a  product  of  the  syphilitic  virus,  and  not  to  the  organisms  themselves 
{nvf^  1'alK*s).  Occasionally  syphilis  and  a  neurotic  heredity  can  both 
1)4^  tra«*nr1.  In  the  cases  in  which  atrophy  has  followed  an  acute 
pprniflo  (liNfase,  especially  measles,  and  has  begun  in  early  life,  it  is 
probablo  that  the  malady  is  a  chronic  neuritis  and  not  the  central 
affrntinn  now  under  consideration.  Such  cases  are  known  aa  of  the 
"  Pnronral  type/'  from  the  muscles  in  which  wasting  is  first  obtrusiTe, 
and  arc  Heparately  described  at  a  later  page.  General  muscular 
atrophy  may  result  from  lead  poisoning,  but  this  form  is  not,  as  a 
rule,  (>rogn'88iTe  in  character  when  its  cause  has  ceased  to  act.  It 
r«*SPn)blos  t  he  ordinary  form  of  progressive  muscular  atrophy,  however, 
in  seat  and  features,  and  thus  differs  from  the  common  atrophic  palsy 
of  tlio  extenHors  that  is  produced  by  lead.  In  many  cases  of  progres- 
Hive  muscular  atrophy  no  cause  for  the  disease  can  be  traced.  When 
obtrusiye  syinptoms  have  followed  some  adequate  cause,  it  is  not 
uncommon  for  this  to  have  been  preceded  by  slight  symptoms,  which 
show  that  the  malady  already  existed.  A  careful  inquiry  for  such 
symptoms  should  never  be  neglected. 

Symptoms. — The  definite  symptoms  of  the  disease  are  often  preceded 
by  aching  pain  in  the  part  afterwards  wasted,  rarely  severe.  Sometimes 
there  is  such  pain  in  the  spine  or  elsewhere,  especially,  as  already 
stated,  in  the  cases  that  are  due  to  exposure  to  cold.  Barely  some 
sensation  other  than  pain  precedes  the  local  symptoms.  Thus  in  one 
case  a  sense  of  coldness  preceded  the  atrophy  in  each  limb  that  web 
attat'ked.  Weakness  and  wasting  usually  come  on  together,  bat 
either  may  first  attract  the  attention  of  the  patient.  In  the  shoulder 
and  l)ack,  the  loss  of  power  is  usually  first  noticed*  and  iu  such 
covered  parts  the  wasting  may  become  considerable  before  it  is 
observed.  In  the  hand  the  wasting  is  often  first  noticed,  but  some- 
times it  is  the  impairment  of  some  delicate  action,  such  as  writing, 
that  draws  attention  to  the  part.  The  affected  muscles  loee  their 
{>ro[»er  sha(>e,  and  there  is  flattening,  or  even  a  depression,  where  there 
should  be  a  prominence.  K  a  patient  is  fat,  however,  the  wasting  may 
cause  at  first  very  slight  alteration  in  the  external  aspect. 

The  disease  commences  in  the  arm  in  nine  tenths  of  the  cases,  and 
as  frequently  in  one  arm  as  iu  the  other.  It  begins  with  almost  equal 
frequency  in  the  band  and  in  the  shoulder  muscles.  From  the  ^«art 
first  affected  the  disease  spreads  to  other  parts  of  the  same  hmb. 
Before  it  has  attained  a  considerable  degree  in  one  limb,  it  osually 
shows  itself  in  the  corresponding  limb  on  the  other  side;  often  in 
the  muscles  corresponding  to  those  in  which  it  commenced,  sometimes 
in  those  affected  second  in  order  of  time.  As  the  muscles  waste, 
paralysis  results  of  various  character  and  degree,  corresponding  to  the 
atrophy.  In  the  hand,  the  thenar  muscles  and  interossei  are  nsual^ 
the  first  to  suffer.  The  thenar  eminence  l)ecomes  flattened,  and  the  base 
of  the  firat  metacarpal  bone  becomes  prominent     Of  the  inl 
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Qm  strophj  of  the  abductor  iudicis  is  eapeciaJlj  coDspicuoiu ;  the 
Domul  promiaeooe  giree  place  to  a  hollow  beside  the  metacarp^  bone 
when  the  thumb  is  abducted.  DepreestoDB 
form  between  the  metacarpal  bones  od  the 
back  of  the  hand,  and  also  between  the 
fieior  tendons  in  the  palta  in  consequenoe 
of  the  wasting  of  the  lumbricales.  The 
forearm  oinsclee  majr  be  neit  iuTolred,  the 
fleiors  DBuall;  before  theeztonsorB;  and  with 
the  flexors  the  supinators  maj  suffer,  or  they 
may  escape  until  the  biceps  is  inTolved. 
Occuionalljr  the  disease  begins  in  the  fore- 
arm, and  then  especiallj  in  the  extensor 


Fre.  134.— ProgfTvntn 
mniculiir  atrophj. 
Waiting  of  th«  moa- 
«lci  of  tbe  Iwck  ind 
Kmitj  in  th«  forrarm 
■carcely  uij  mnfcular 
tiuns  can  be  recog- 
Biwd,  and  io  the  liaul 
all  the  mDicnlar  pro- 
mintncei  hare  *■■■- 
iabHi.  (Drawn  bj  Dr. 
H.  R.  SpcDcer.) 


Fin.lSS. — Pr^rtHiTe  maacularatroptitr. 
Waadog  of  right  trapeiiDi  oomplt-ta 
(the  rhomboida  remaining),  of  the  left 
trapeaiiii  partial.  Ou  eash  Mt  the 
upper  part  of  the  trapeiiut  !•  waatad, 
and  the  contour  of  the  neck  ia  ror- 
TMpondiDglj  changed.  Both  delt<iiili 
are  alio  atrophied.  (Drawn  bj  Dr. 
Spencer.) 


mnsolea  of  tbe  fingers,  sometimes  in  those  of  the  thumb,  especially  of 
its  phalanges.  The  several  parts  of  the  long  finger  muscles  ma;  suBvr 
unequally ;  the  nlnar  exteosors  usually  suffer  most.  Of  the  shoulder 
muscles,  the  deltoid  is  generally  the  first  to  manifest  the  disease,  and 
in  some  cases  which  begin  in  the  hand  the  deltoid  soffers  before  the 
forearm  muscles.  Tbe  rounded  contour  of  the  shoulder  becomes 
changed  (Figs.  7,  1:)4,  1S5),  and  the  head  of  the  humerus  can  be 
reoogniaed  beneath  the  itcromion.    It  is  not  rare  for  part  of  the  d^ 
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t<Md  to  Buffer  and  part  escape:  we  have  seen  (p.  30)  tbat  the  BerenJ 
portions  hare  differeat  faoclionB  and  asBOciations.  and  tbis  probablj' 

iavolvea  a  relation  to  separate  groups  of  nerre-cells.  The  wasting  of 
the  deltoid  is  soon  followed  b;  tliat  of  the  other  muaclea  of  the  upper 
ann  and  of  the  sfapula.  The  triceps  usually  suffers  less  and  laUr 
than  the  biceps,  but  Bomettmcs  the  reverse  is  the  case.  The  supi»- 
iind  iufra-spiTiati  are  uftea  affected  with  the  deltoid.  In  exceptional 
instanceB  the  deltoid  or  baud  muscles  escape,  and  there  are  casei 
(perhaps  a  special  group)  in  which  the  ujiper  arm  and  shoulder 
muscles  waste  even  to  an  extreme  degree,  and  the  forearm  and  hand 
muscles  e^icHpe  entirely. 

In  most  cases,  the  wasting  early  involves  the  muscles  of  the  bacb, 
and  it  sometiiues  begius  iu  them.  The  middle  and  lower  parts  of  the 
trapezius  usually  suSer  first;  the  rhomboids  and  erectors  of  theBpine 
at  a,  later  date.  The  affection  of  the  tra.peziua  is  readily  recognised 
U  the  patient  tries  to  put  the  shoulder  bai^k  (Fig.  135).  The  highest 
part,  of  the  trapezius  presents  a  remarkable  indisposition  to  atrophy ; 
it  often  remains  intact  to  the  last,  and  then  may  contrast  with  the 
wasting  below  it,  standing  out  on  each  side,  like  a  cord  passing  from 
the  occiput  to  the  shoulder.  Heuce  Duchenue  termed  thia  part 
the  ultimum  morieiu.  I  have,  however,  seen  several  otherwise  typical 
cases  (beginning  either  in  the  deitoids  or  in  the  bauds)  in  which  the 
highest  piLrts  of  the  trapezii  suffered  before  the  middle  parts.  The 
levator  anguli  scapulie  also  generally  escapes,  even  when  all  the  mus- 
cles about  it  are  wasted.  The  serralus,  latissimus,  and  pectoraJis 
major  are  QBuaUy  affected  later.  They  may  escape  wholly  or  in  part; 
isolated  bundles  of  the 
pectoralis  may  waste,  the 
intervening  parts  escap- 
ing, or  either  the  upper 
or  lower  part  of  the 
muscle  niay  atrophy 
iilone.  According  to  the 
affection  of  the  muaclea 
thdt  are  attached  to  the 
scapula,  the  position  of 
the  bone  changes,  and  it 
FiO,  13e.-Progre«Iv«  mu.cuUr'^.trophT.  Wesk-  b'-comes  rotu  ..-d  under 
ae»»    nf   the    muidei  of   the  neck.     A,  babltuil    the        Influence      of      the 

p.,tnr«otth«h=^iWinfidb«k»«r<l.     B,po.i.  ^luscles   that   are    unaf. 

tion  Inio  which  it  falli  if  the  patient  nttempn  to 

keep  it  Id  the  normal  balance.    (Diawn  bj  Dr.    fectod     and     unopposed 
Spencer.)  (Fig.     ?,     p.     28).      The 

muscles  that  extend  the  head  on  the  spine  often  suffer  in  cod* 
sidemble  degree,  and  from  tbis  there  results  a  difficulty  in  the 
carriage  of  the  bead  (Fig,  136).  It  is  habitually  inclined  back, 
wards,  so  as  to  balance  it  on  the  spine  with  hut  little  mnacular 
exertion ;  if  moved  forwards,  it  falls  so  that  the  chin  touchw  Uw 


I 


GHBONIO  HUSOULAR  ATBOPHT.  477 

ehest.  It  can  be  brought  back  into  its  former  position  onlj  with  diffi- 
coltj ;  the  patient  has  to  incline  the  trunk  backwards,  so  as  to  bring 
the  head  nearly  into  the  vertical  position,  and  then,  with  a  sudden 
contraction  of  the  stemo-mastoids,  and  a  jerk,  the  head  goes  back  into 
its  former  posture.  The  increased  innervatioQ  of  the  weak  extensors 
of  the  head  often  causes  a  synergic  over-action  of  the  frontalis  muscles, 
which  are  normallj  associated  with  the  extensors  (so  that  the  eye- 
brows are  raised  when  the  head  is  put  back  to  look  upwards).  The 
skin  at  the  back  of  the  neck  lies  in  transverse  folds  when  the  neck  is 
extended.  The  patient  may  be  unable,  when  lying  in  bed,  to  move  the 
head  from  side  to  side.  The  sterno-mastoids  also  are  often  wasted ; 
either  the  sternal  or  clavicular  part  may  be  most  affected.  In  striking 
contrast  to  the  general  wasting  of  the  neck  is  the  condition  of  the 
platysma  myoides,  which  always  escapes,  and  may  become  hypertro- 
phied  in  a  vain  attempt  at  compensation. 

The  muscles  of  respiration  suffer  in  the  majority  of  cases,  and  their 
impairment  constitutes  a  grave  source  of  danger  to  life.  The  inter- 
oostals  rarely  escape  altogether ;  the  diaphragm  is  involved  in  many 
eases,  and  respiration  is  then  carried  on  by  the  intercostals  and' 
superior  thoracic  muscles.  On  the  other  hand,  the  intercostals  may 
suffer  much  and  the  diaphragm  remain  free ;  respiration  is  then 
purely  abdominal,  and  the  walls  of  the  thorax  may  be  almost  motionless 
in  breathing,  or  there  may  bo  merely  a  slight  movement  of  elevation  of 
the  upper  ribs.  The  chest  becomes  flattened  in  front,  and  narrow  from 
before  back,  from  the  influence  of  atmospheric  pressure  on  the  ribs, 
unopposed  by  the  intercostals.  Either  the  upper  or  lower  intercostals 
may  suffer  most.  When  the  diaphragm  is  paralysed,  the  upper  chest 
muscles  often  sufler  more  than  the  lower,  and  a  compensatory  increased 
movement  of  the  lower  ribs  carries  forward  the  abdominal  wall,  and 
may  suggest  that  the  diaphragm  is  acting  when  it  is  not.  A  careful 
examination  will  always  prevent  the  error.  The  muscles  of  the  abdo* 
minal  wall  occasionally  waste,  but  far  less  frequently  than  those  of 
the  thorax. 

Wasting  in  the  legs  is  much  less  common  than  in  the  arms,  and  if 
it  occurs  is  usually  slighter  in  degree ;  but  occasionally  the  disease  first 
manifests  itself  in  the  legs,  and  is  more  intense  in  them  than  elsewhere. 
The  glutei,  extensors  of  the  knee,  and  the  muscles  in  the  front  and 
on  the  outer  side  of  the  lower  leg,  are  those  that  are  most  affected. 
We  shall  presently  see,  however,  that  the  legs  are  often  paralysed 
when  they  are  not  wasted,  and  sometimes  they  are  the  seat  of  wasting 
which  differs  in  certain  features  from  that  which  is  the  special 
characteristic  of  the  disease. 

The  face  almost  always  escapes  the  general  atrophy,  and  its  normal 
appearance  may  present  a  striking  contrast  to  the  rest  of  the  body. 
In  many  cases,  however,  the  lips  are  paralysed  as  part  of  the  bulbar 
palsy  that  so  often  accompanies  the  spinal  disease.  A  remarkable 
case  in  which  the  face  shared  the  atrophy  of  the  limbs,  and  the  tongue 
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escaped,  has  been  recorded  by  Langer  ;*  on  the  other  hand,  the  tongue 
has  been  the  first  part  to  suffer,  the  arms  being  affected  a  month 
latent 

As  the  wasting  progresses,  the  appearance  of  the  parts  in  which  it 
is  most  advanced  becomes  extremely  changed.  All  trace  of  muscle 
may  disappear  from  parts  of  limbs  or  even  from  an  entire  limb 
(Fig.  134) ;  and  there  is  usually  a  wasting  of  the  adipose  tissue  as  well 
as  of  the  muscle,  so  that  the  bone  seems  to  be  covered  only  by  fascia 
and  skin.  The  transverse  processes  of  the  vertebras  may  be  felt  in 
the  hollow  beside  the  spine,  and  the  bony  prominences  about  the 
shoulder  may  be  almost  as  conspicuous  as  in  a  skeleton,  so  that 
beneath  the  acromion  there  may  be  a  groove,  into  which  the  finger 
can  be  placed,  in  consequence  of  the  descent  of  the  head  of  the  humerus 
from  the  glenoid  cavity.  The  unequal  affection  of  antagonistic 
muscles  leads  to  various  contractions  and  deformities.  In  the  hand, 
especially,  distortion  is  apt  to  occur  ;  from  preponderant  paralysis  of 
the  interossei  and  contraction  of  the  long  flexor  and  extensor  muscles, 
the  "claw-like  hand"  develops  in  extreme  degree  (Figs.  19  and  20, 
p.  86).  If  all  the  muscles  of  a  part  are  equally  and  simultaneouslj 
affected,  no  deformity  results  unless  an  unsupported  part  yields  to 
the  influence  of  gravitation  (Fig.  184).  Lordosis  is  very  common 
in  cases  in  which  the  tioink  and  hip  muscles  are  involved.  It  is  often 
the  indirect  result  of  the  weakness  of  the  extensors  of  the  hip-joint, 
in  consequence  of  which  the  pelvis  is  unduly  inclined  forwards,  and 
carries  with  it  the  lower  lumbar  vertebras  ;  the  upper  part  of  the  trunk 
has  then  to  be  inclined  backwards,  to  bring  the  centre  of  gravity  over 
the  base  of  support ;  it  disappears  when  the  patient  sits,  and  the  pelvis, 
resting  on  the  ischial  tuberosities,  is  no  longer  inclined.  This  was 
the  case,  for  example,  in  a  woman  with  extreme  lordosis  from 
progressive  muscular  atrophy,  in  whom,  when  standing,  a  plumb-line 
from  the  seventh  cervical  spine  fell  three  inches  from  the  sacrum  and 
an  inch  and  a  half  from  the  buttock.  Sitting,  her  spine  was  perfectly 
straight. 

The  electrical  irritability  of  the  wasted  muscles  presents  changes 
which  vary  in  character  in  different  cases.  When  the  wasting  is 
slow,  there  is  usually  a  diminution  in  both  faradic  and  voltaic  irri- 
tability, similar  in  character  to  each  current.  The  irritability  fails 
with  the  muscular  nutrition,  and  when  the  wasting  is  great  only  a 
slight  contraction  can  be  obtained,  even  with  a  strong  current. 
When  the  wasting  is  extreme,  irritability  at  last  becomes  extinct, 
but  the  voltaic  irritability  of  the  muscular  fibres  persists  long  after 
the  faradic  irritability  has  disappeared.  It  may  be  normal  in  degree, 
or  lowered,  but  is  seldom  increased  in  such  cases.  The  quality 
of  the  voltaic  irritability  may  also  be  normal,  but  sometimes  ACC 
(anodal  closure  contraction)  occurs  as  readily,  or  more  readily  than 

•  Vienna  Medical  Society.  March  17th.  1882. 

t  Birdaall, '  Joorual  of  Nenr.  and  Mtat.  Die/  1887.  xiv,  p.  25a 
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KCC.  Tetamo  contraction  during  tbe  passage  of  tlie  current  is  pro* 
duced  with  undue  readiness  compared  with  the  closure  contractions, 
and  opening  contractions  are  often  caused  by  currents  but  little 
stronger  than  those  that  cause  closure  contractions.  Thus  there  may 
be  the  qualitative  change  of  the  reaction  of  degeneration  without  tbe 
Yoltaic  increase  (see  p.  56).  When  there  is  the  rapid  and  considerable 
paralysis  described  on  p.  483,  either  at  the  onset  or  during  the  coiirse 
of  the  disease,  the  palsy  being  followed  by  rapi'l  wasting,  there  may 
be  quick  extinction  of  faradic  with  actual  exaltation  of  voltaic  irrita- 
bility.  and  the  reaction  of  degeueration  may  be  present  in  all  its 
characteristics.  Between  these  forms  every  intermediate  condition 
may  be  met  with,  including  tbe  mixed  reaction  described  on  p.  26. 

The  mechanical  irritability  of  the  muscles  is  considerably  increased ; 
a  tap  causes  a  local  contraction  of  the  fibres  struck.  Moreover, 
spontaneous  flickering  contractions  of  parts  of  the  muscles  are  very 
common,  now  of  one  bundle,  now  of  another,  conspicuous  to  the  eye, 
although  scarcely  felt  by  the  patient.  This  '*  fibrillation,"  as  it  is 
termed,  is  so  frequent  as  to  be  characteristic,  but  it  is  not  invariable, 
nor  is  it  confined  to  this  disease.  It  may  sometimes  be  observed  in 
muscles  that  are  not  yet  invaded  by  the  wasting,  but  where  it  is 
observed  atrophy  usually  follows. 

In  the  parts  affected  by  the  characteristic  wasting,  all  reflex  action  is 
abolished,  clearly  in  consequence  of  the  damage  to  the  motor  part  of 
the  reflex  arc ;  the  afferent  portion  of  the  arc  is  unaffected,  for,  as  we 
shall  see,  there  is  no  loss  of  sensation.  The  myotatic  irritability 
("  tendon-reflex  action  ")  is  also  lost,  and  lost  early.  The  knee-jerk, 
for  instance,  disappears  as  soon  as  there  is  even  a  slight  diminution  ill 
the  bulk  of  the  thigh  muscles,  in  cases  in  which  the  legs  are  the  seat 
of  primary  wasting.  The  muscles  are  flaccid  and  toneless — a  condition 
that  may  be  conveniently  termed  *'  atonic  atrophy.'*  To  this  common 
rule,  however,  exceptions  are  sometimes  met  with ;  there  may  be  from 
the  first  rigidity  of  the  affected  muscles.  When  this  is  the  case,  the 
wasting  does  not  go  on  to  the  entire  destruction  of  the  muscle ;  it  is 
often  trifling,  but  may  be  considerable.  With  this  rigidity  there  is  a 
preservation  of  myotatic  irritability.  We  may  term  this,  "tonic 
atrophy."  It  is  generally  associated  with  spastic  paralysis,  without 
wasting,  in  some  other  part.  For  instance,  in  one  case  the  forearms 
and  hands  were  the  seat  of  this  tonic  atrophy,  and  in  the  leg^  there 
was  simple  spastic  paraplegia.  We  shall  presently  consider  the 
pathology  of  this  condition.* 

Sensory  symptoms  are  usually  slight  and  always  subordinate.     They 

*  It  should  be  noted,  however^  that,  in  the  mnsclet  that  are  the  aeat  of  toneleaa 
watting,  when  the  atrophy  has  attained  an  extreme  degree,  slight  rigidity  may 
develop,  accompanied  by  considemble  tenderness  of  the  mnsele.  It  is  probable  that 
this  rigidity  is  idiopathic,  and  dae  to  the  strnctaral  changes  in  the  muscles  presently 
to  be  described.  Thb  condition,  which  shonld  be  distingnished  from  the  initial 
rigidity.  Is  rarei  the  early  relaxation  is  nsnally  maintained  to  the  last. 
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are  confined  to  pain,  usually  dull  and  rheumatoid  in  character,  felt 
chieflj  in  the  limbs  in  which  the  malady  is  most  active.  Such  paiai 
are  common  at  the  onset,  as  we  hare  already  seen,  and  they  may  recur 
from  time  to  time  during  the  course  of  the  disease.  Sometimes  Tague 
feelings  of  ''  numbness  "  or  "  deadness  "  are  complained  of,  but  cuta- 
neous sensibility  is  never  impaired.  (When  anaesthesia  accompanies 
muscular  wasting,  both  symptoms  are  due  either  to  chronic  meningitis, 
damaging  the  nerve-roots,  or  to  disseminated  focal  myelitis  or  multiple 
neuritis.)  Nor  do  the  muscles  lose  such  sensibility  as  they  normallj 
possess.  Perception  of  posture  persists,  and  the  muscles  are  not  onlj 
sensitive  to  pressure,  but  are  often  more  sensitive  than  in  health  both 
to  pressure  and  to  extension. 

When  the  arms  are  the  seat  of  such  atrophy  as  has  been  described, 
the  legs,  if  not  also  wasted,  may  be  normal,  or  they  may  be  slightlj 
affected,  the  thighs  thin,  and  the  knee-jerks  lost.     Often  they  are  the 
seat  of  gradual  loss  of  power  without  wasting,  and  with  an  increase  of 
myotatic  irritability.     The  knee-jerk  is  excessive ;  a  clonus  can  readilj 
be  obtained,  and  the  reflex  over-action  of  the  muscles  may  increase  to 
actual  rigidity  and  spasm,  so  that  there  is  the  condition  of  spastic 
paraplegia  described  in  a  preceding  chapter.     It  is  rare,  howeyer,  for 
the  spasm  to  reach  the  higher  degree  of  intensity,  and  for  the  muscles 
to  present  the  massive  firmness  that  characterises  the  simple  form  of 
spastic  paraplegia.     On  the  other  hand,  there  is  often  some  diminution 
in  the  size  of  the  muscles,  and  thus  we  have  a  gpradation  to  the  condi- 
tion of  tonic  atrophy  just  described.    In  this  condition,  moreover,  there 
is  usually  only  a  moderate  diminution  in  electrical  excitability,  which 
does  not  go  on  to  extinction.     The  one  condition  does  not  seem  to  pass 
into  the  other;  the  state  of  ligidity  and  myotatic  excess  does  not  give 
place  to  muscular  relaxation  ;  atonic  atrophy  does  not  succeed  the 
tonic  wasting.     In  very  rare  cases,  of  which  I  have  seen  a  few  instances, 
there  is  a  similar  condition  in  the  hands  when  the  shoulders  are  the 
seat  of  simple  atonic  atrophy.    The  forearms  are  then  rigid,  moderately 
wasted,  with  myotatic  excess,  while  the  muscles  of  the  shoulders  are 
extremely  wasted  and  absolutely  flaccid.     In  still  more  rare  cases  the 
whole  arms  are  thus  affected,  are  thin  and  rigid,  and  in  no  part  is 
there  atonic  atrophy.     In  one  remarkable  case  of  this  character,  the 
muscles  of  the  trunk  participated  in  the  spasm ;  after  coughing  or 
yawning,  respiration  would  be  checked  for  a  few  seconds  by  general 
spaiim,  and  whenever  the  patient  was  raised  from  the  bed,  the  arms, 
legs,  back,  and  neck  became  stiff  in  tetanoid  rigidity,  the  head  being 
bent  backwards. 

The  combinations  of  the  ordinary  atonic  wasting  and  loss  of  power, 
without  wasting  and  with  increased  myotatic  irritability,  are  exceed- 
ingly numerous  and  variable.  The  most  frequent,  as  already  stated, 
is  flaccid  atrophy  in  the  arms  and  spastic  paralysis  in  the  legs ;  but  I 
have  twice  seen  atonic  atrophy  below  the  knees,  with  weak  but 
well-nourished  thigh   muscles  and  much  increased  knee-jerk.    The 
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Tariable  combination  of  tbese  conditions  gives  rise  to  differences  that 
are  more  apparent  than  real,  and  may  easily  be  allowed  undue  weight 
in  dassificalion. 

The  extreme  emaciation  of  the  most  affected  parts  shows  that  the 
adipose  tissue  wastes  as  well  as  the  muscles.  The  atrophied  limbs  are 
usuallj  cold,  aDd  maj  be  livid  or  pale,  but  there  is  no  tendency  to  acute 
Taso-motor  disturbance  in  the  ordinary  form  of  the  disease.  I  have 
known  the  skin  of  the  face  to  become  thin  and  smooth,  so  that,  in  one 
instance,  the  dark  iris  could  be  seen  through  the  closed  eyelids,  but 
such  a  change  is  quite  exceptional.  In  another  patient  there  was  a 
very  remarkable  form  of  local  atrophy.  Certain  areas  of  muscles 
underwent  wasting,  the  rest  being  normal ;  the  affection  commenced 
by  a  livid  discoloration  of  the  skin,  and  the  wasting  seemed  to  inyolve 
the  skin,  subcutaneous  tissue,  and  muscle,  causing  local  depressions. 
Considerable  tracts  of  the  trapezii  were  thus  affected,  and  smaller 
spots  in  the  arms  and  legs.  The  patient  was  a  single  woman  of 
thirty.five.  and  the  disease,  which  did  not  show  a  strongly  pro- 
gressive tendency,  is  probably  a  special  affection,  perhaps  of  local 
nature. 

The  functions  of  the  sympathetic  are  not,  as  a  rule,  deranged.  Dila- 
tation or  contraction  of  one  pupil  Las  been  frequently  observed,  chiefly 
in  association  with  atrophy  of  the  muscles  that  are  supplied  from  the 
lower  part  of  the  cervical  region ;  and  it  no  doubt  depends  on  the  dis- 
ease of  the  spinal  cord,  and  not  of  the  sympathetic  itself.  The  reflex 
action  of  the  iris  is  usually  normal,  and  optic  nerve  atrophy  never 
occurs.*    Nystagmus  is  present  in  rare  cases. 

The  visceral  functions  are  usually  little  disturbed.  Sexual  power  is 
often  lost.  The  sphincters  rarely  suffer,  even  when  the  wasting  is 
general  and  extreme ;  occasionally  they  are  involved,  and  they  may 
even  suffer  early.  In  other  cases,  in  which  the  legs  become  weak  after 
the  wasting  sets  in  in  the  arms,  the  affection  of  the  sphincters  may 
coincide  with  that  of  the  legs.  In  the  composition  of  the  urine,  slight 
changes  have  been  found,  but  not  constantly.  Urea  has  been  increased 
in  some  cases,  lessened  in  others.f    The  quantity  of  lime  has  been 

*  I  have  once  met  with  a  remnrkable  reflex  fixation  of  the  eyeballs  in  a  eaie  of 
advanced  progressive  muscular  atrophj.  If  the  patient,  looking  to  one  side,  was 
inddenly  told  to  look  at  an  object  on  the  other  aidey  hit  head  was  instantly  tnmed 
towards  the  second  object,  while  the  eyes  remained  fixed  on  the  first,  by  s  movement 
corresponding  to  that  of  the  head  bat  in  the  opposite  direction,  and  then,  after  a 
few  seconds,  they  were  slowly  moved  towarda  the  second  object.  The  phenomenon 
oontinoed  to  the  end  of  the  patient's  life.  As  I  pointed  oat  in  an  acoonnt  of  this 
carious  condition  ('  Brain,'  vol.  i),  it  is  interesting  evidence  of  a  normal  refiex 
mechanism  in  the  fixation  of  the  eyes ;  this  wa%  as  it  were,  isolated  by  disease, 
which  lessened  voluntary  control  over  it. 

t  In  a  patient  who  weighed  7  at.  13  lbs.,  and  whose  nrine  varied  between  760  and 
9C0  cubic  centimetres,  I  fuund  the  daily  excretion  of  urea  to  vary  between  10^  and 
15  grammes,  the  average  being  13  grammes.  This  is  just  half  the  normal  avorage 
for  a  man  of  that  weight»  which  would  be  (uecording  to  Parkes),  24  grammes. 
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found  to  be  increased  (Fromman),  that  of  kreatin  diminished,  eren  to 
one  tenth  of  the  normal  (Bosenthal,  Langer).  Oljcosuria  has  been 
observed  in  association  with  bulbar  symptoms.*  The  langs  maj 
suffer  from  the  impairment  of  breathing  power,  when  the  interoostali 
and  diaphragm  are  weakened. 

VarieHei. — The  chief  varieties  of  the  disease  depend  on  the  relative 
distribution  of  the  three  conditions:  (1)  atonic  atrophy,  becoming 
extreme ;  (2)  muscular  weakness  with  spasm,  but  without  wasting,  or 
with  odIt  slight  wasting ;  and  (8)  tonic  atrophy,  rarely  extreme  in 
degree,  with  myotatic  excess.  The  commonest  condition  is  to  hsTe 
atonic  atrophy  in  the  arms  and  upper  part  of  the  trunk,  with  simple 
weakness  and  spasm  in  the  legs.  Atonic  atrophy  in  both  arms  and 
legs  is  less  common,  and  the  least  common  is  tonic  atrophy  alone,  in 
the  arms,  or  uniyersal.  The  last  is,  indeed,  extremely  rare.  It  is 
important  to  note,  however,  that  these  conditions  may  coexist  in  eveiy 
degree  and  combination ;  between  universal  atonic  atrophy  on  the  one 
hand,  and  universal  spastic  paralysis  without  wasting  on  the  other, 
there  is  every  gradation.  The  latter  does  not  come  into  the  catcgoiy 
now  under  consideration,  but  similar  cases  are  met  with  in  which  there 
is  atrophy  of  a  few  muscles  (as,  for  instance,  of  the  hands  only),  which 
complete  the  series.  The  varieties  due  to  the  different  combinationi 
of  atrophy  and  paralysis  have  been  already  alluded  to. 

A  peculiar  form  of  muscular  atrophy  has  been  mentioned,  first 
conspicuous  in  the  peroneal  regions  and  spreading  thence  to  other 
muscles  of  the  leg  and  to  the  hands.  It  is  characterised  by  occurrence 
in  early  life,  and  often  in  several  members  of  the  same  family,  and 
has  been  termed  the  *'  peroneal  type  "  by  Dr.  H.  Tooth.  It  is  pro- 
bably  not  dependent  on  the  spinal  cord,  and  is  considered  more  fully  at 
a  subsequent  page. 

Complications, — Progressive  muscular  atrophy  is  occasionally  accom- 
panied by  the  symptoms  of  some  other  degenerative  disease  of  the 
spinal  cord.  The  paralysis  with  spasm,  already  described,  can 
scarcely  be  regarded  as  a  complication ;  it  is  rather  part  of  the  disease, 
and  its  relation  to  the  other  symptoms  will  be  considered  when  wo 
discuss  the  pathology  of  the  affection.  In  rare  cases,  muscular  atrophy 
in  the  arms  is  accompanied  by  the  symptoms  of  locomotor  ataxy  in 
the  legs.  By  far  the  most  frequent  complication  is  bulbar  paralysis, 
weakness  of  the  lips,  tongue,  pharynx,  and  often  of  the  laryngeal 
muscles.  It  is  the  expression  of  a  degenerative  process  in  the  medulla, 
similar  to  that  which,  in  the  spinal  cord,  causes  the  affection  of  the 
limbs.  It  may  come  on  at  any  stage  of  the  disease,  may  precede  the 
spinal  symptoms,  or  only  come  on  when  these  have  attained  a  con. 
siderable  degree.  In  characters,  the  bulbar  palsy  may  resemble 
perfectly  that  which  occurs  in  isolated  form,  and  will  be  described 
among  the  diseases  of  the  brain.  Frequently,  however,  there  is  but 
little  paralysis  of  the  tongue,  even  when  swallowing  and  articnlatioB 

•  RoTighi  ind  Melotti,  *  Rir.  Sper.,*  1888^  p.  S15. 


CHRONIO   IfUSCULAB  ATBOPHT.  483 

are  much  impaired.  There  maj  also  be  slight  interference  with 
articulatioQ  when  there  is  no  marked  bulbar  palsy.  A  minor  compli- 
cation is  the  neuralgic  pain,  which,  as  alreadj  stated,  is  sometimes 
troublesome  in  the  earlj  stage  of  cases  that  are  due  to  cold.  In  several 
patients  I  have  known  headache  to  be  frequent  and  severe  throughout 
the  course  of  the  disease.  GFeneral  paraljsis  of  the  insane  has  been 
met  with  as  an  exceptional  complication.* 

Course. — The  malady,  in  most  cases,  is  steadily  progressive,  as  its 
name  implies,  but  in  the  rate  of  its  progress  it  varies  in  different  cases, 
and  in  the  same  case  at  different  periods.  It  may,  moreover,  become 
stationary  (sometimes  as  the  result  of  treatment)  at  any  period  in  its 
course,  and  when  once  actually  arrested,  it  does  not  usually  again 
become  active.  Unfortunately,  the  tendency  to  cessation  is  greatest 
in  the  later  stages  of  the  disease,  when  there  is  little  except  life  to  be 
preserved.  Sometimes  progress  ceases  at  an  earlier  stage,  and  chiefly, 
I  think,  in  those  cases  in  which  the  atrophy  is  strictly  symmetrical, 
and  develops  simultaneously,  or  almost  simultaneously,  on  the  two 
sides.  Thus  I  have  met  with  several  cases  in  which  there  was 
symmetrical  wasting  in  the  two  hands,  or  in  certain  muscles  of  the  two 
forearms  or  of  the  two  upper  arms,  and  in  which  the  atrophy,  after 
attaining  a  considerable  degree  in  its  limited  seat,  had  become 
stationary  and  continued  so.  Occasionally  some  symptom  (as  weak- 
ness of  the  sphincters)  may  pass  away«  although  the  atrophy  pro- 
gresses. 

When  the  progress  at  the  commencement  is  rapid,  it  usually 
continues  rapid,  until  the  disease  has  attained  a  wide  extent,  although 
the  acute  local  onset  mentioned  below  may  be  followed  by  slow 
extension.    When  it  begins  slowly,  it  is  usually  slow  throughout. 

Although  the  disease  sometimes  commences  in  the  second  arm  very 
soon  after  its  onset,  it  more  commonly  makes  some  progress  in  its 
primary  seat  before  beginning  on  the  second  side,  and  the  interval  that 
elapses  varies  with  the  rate  of  extension.  It  often  happens  that  a 
year  intervenes  between  the  affection  of  the  two  arms,  and  I  have 
known,  in  a  very  chronic  case,  the  atrophy  to  slowly  progress  in  one 
arm  for  seven  years  before  it  showed  itself  in  the  other.  It  is  not 
common  for  the  arms  to  be  reduced  to  practical  helplessness  in  less 
than  two  or  three  years,  but  the  hands  may  become  useless  in  as  short  a 
time  as  six  months,  while  in  one  case  the  wasting,  commencing  at  the 
shoulder,  had  invaded  the  whole  arm  in  the  course  of  a  month.  The 
shortest  time  in  which  I  have  known  a  patient  to  reach  the  last  stage 
of  the  disease  is  nine  months. 

With  any  rate  of  general  progiess,  the  otherwise  uniform  course  of 
the  disease  may  be  broken  by  the  occurrence  of  almost  sudden  palsy 
in  a  certain  group  of  muscles.  Considerable  loss  of  power,  it  may  be 
absolute  paralysis,  comes  on  in  a  few  days,  or  even  in  a  few  hours.  It 
may  occur  at  the  onset  of  the  affection.    The  extensors  of  the  wrist 

•  Tambroni, «  Biv.  Sp«rr.  de  Fnrn.,  &c'  1887,  xiii,  p.  184 
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and  fin^rt  are  the  muscles  most  commonlj  thus  affected.  The  weak 
ness  \»  usually  followed  hj  a  well-marked  degenerative  reaction  in  the 
muscles.  I  have  seen  several  cases  which  began  bj  such  subacute 
or  even  acute  paralysis  of  the  extensor  muscles,  first  in  one  arm  and 
soon  afterwards  in  the  other ;  the  initial  condition  doselj  resembled 
the  paralysis  from  lead -poisoning,  even  to  the  escape  of  the  supinator 
longus  and  ext.  ossis  met.  pol.  This  cause  was,  however,  excluded, 
and  soon  the  muscles  of  the  shoulder  and  back  presented  commenciiig 
slow  progressive  atrophy,  followed  by  wasting  of  the  interossei  until 
a  typical  state  was  reached.  In  another  case,  the  quick  loss  of  power 
was  confined  to  the  extensors  in  one  arm,  which  were  already  weak 
and  slightly  wasted,  most  of  the  other  muscles  of  the  upper  limbs 
having  been  long  atrophied.  When  there  is  weakness  of  the  legs, 
without  wasting,  the  onset  of  this  may  coincide  with  the  atrophy  of 
the  arms,  or  may  succeed  it  at  any  interval.  In  one  case  five  years 
elapsed,  after  the  arms  began  to  waste,  before  the  legs  became  weak. 
It  is  very  rare  for  the  paraplegic  weakness  to  occur  first. 

The  chief  danger  to  life  is  from  pulmonary  maladies,  rendered 
grave  from  the  weakness  of  the  muscles  of  respiration.  The  commoa 
complication  of  bulbar  paralysis  is  another  frequent  cause  of  death, 
either  by  the  interference  with  swallowing  and  nutrition,  or  by  the 
laryngeal  paralysis.  Less  commonly,  death  results  from  bedsores  and 
septicssmia,  or  from  intercurrent  maladies. 

Patuolooical  Akatomt. — ^The  wasting  of  the  muscles  is  as  evident 
after  death  as  during  life.  They  are  reduced  in  sise  and  pale  in 
colour.  Sometimes  there  is  little  in  the  tint  of  what  remains  to 
suggest  muscular  tissue.  Parts  of  a  muscle  may  be  hardly  dis* 
tinguishable  from  adjacent  fat*  On  the  other  hand,  the  bulk  of  the 
muscle  may  be  dark,  and  pale  streaks  in  it  may  mark  the  position  of 
local  degeneration.  Under  the  microscope,  the  fibres  present  various 
changes,  and  of  these  four  are  well  defined.  (I)  There  may  be  simple 
narrowing  of  the  fibres,  without  any  considerable  change  in  their 
striation  (Fig.  187),  although  thestriss  often  seem  to  be  further  apart 
than  normal,  and  sometimes  the  fibrillary  segmentation  ia  unusually 
distinct.  (2)  Simple  fatty  degeneration,  in  which  the  transTerse 
striation  gives  place  to  a  granular  appearance  (Fig.  138),  the  granules 
becoming  larger  and  fewer  (Fig.  137)  until  ultimately  distinct  globules 
are  scattered  through  the  sheath.  Where  the  muscle  reiiembles  faitj 
tissue  to  the  naked  eye,  the  microscope  may  show  only  sarcolemma 
sheaths  containing  groupe  of  globules.  (8)  Muscular  fibres  are  seen 
in  which  the  sheath  coutains  only  a  clear  material  enclosing  a  few 
fatty  globules,  and  a  few  transverse  stris,  faint,  as  if  hiding  away.  It 
is  probable  that  this  is  not  the  result  of  fatty  degeneration,  but  of  a 
different  proc*'Ss,  which  has  been  termed  *'  vitreous  degeneration," — a 
sort  of  dissolution  of  the  strise,  indicated  by  the  appearance  of  such 
fibrt-^  as  are  shown  in  Figs.  187,  139,  140.  (4)  A  longitudinal 
suiatioa  develops  in  the  fibre,  and  at  first  coexists  with  the  trans- 
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vene  striation ;  but  Tiltimatdf  the  latter  beoomea  indistinct,  and  the 
fibr«  looks  like  a  faacioaluB  of  longitudinal  oonnective-tiimie  fibres 
(Pig.  140).  Sometimes,  with  the  longitadinal  striation,  the  fibre 
presents  a  truuTerse  striatioD  verf  much  finer  than  normal,  the  strin 
being  narrower  and  nearer  together,  as  if  from  a  diviaion  of  the 
**  Bsrooos  elements."     This  change  maj  sometimes  be  seen  alone,  and 


Fio  137 


Pie  138. 


fi4i^-l!  \ 


Fissn  or  Wittbd  Hosclh 
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Fio.  137. — Narrown]  flbns  with  aaarly  normal  atrUtloa  j  oUian  clnr,  conUintof 
a  faw  fmt  globulei,  tod  >  f  avr  &iiit  tniuf  ma  itru*.  tad  loma  Ion  gi  Cadi  Dm)  ■trikCioB  ■ 
Ur^  flobalei  of  fkt  Us  In  ths  iotenticid  Unnfl  la  front  of  one  nurowed  fibre. 

Fio.  IBS. — OrmnaUr  de^BaeritiDD  t  a  flbra  with  Dormal  tnnarene  itriatfon  prwmti 
•Uo  iDdleatloni  of  longitadlnul  itriatiaa,    Incraaaa  ornadai  of  iatflrttitul  Umim. 

¥ia.  139.  ^Two  DOrmal  Bbm  and  on*  prafenting  tiM  dnr  ttomogeneoo*  upeet, 
witb  m  faw  fat  ^tobnte*  and  loma  fUnt  atriatioa. 

Fio.  140.— SaTinl  abrai  dmilar  to  Uiat  ttf  tha  lait  agnra,  with  glohnka  of  (at 
between  them.  On  the  rig;ht  is  «  fibre  whioh  baa  nndergobe  somplata  longitndinal 
■triatjoo,  the  nonnal  atria  hsTlng  di^appearad,  M  that  It  reacnblea  the  adjacent 
IntcratittKlfibroaitiiaDa.  Other  fibre*  In  the  name  mnacle  were  In  intarme^ate  itaffca 
ofdegonenition,  aoma  traniTana  atriaUon  coaiiaUng  with  the  longitodinal  ■triatun. 

maj  be  present  in  onlj  one  part  of  a  fascioulns.  Thus  at  one  plaoe 
the  nnmber  of  stri»  in  ti^  ^^'^  *^  '^^^S  seven,  while  in  another 
region  of  the  same  fascioulns  serenteen  were  to  be  oountcd  in  the  same 
space.  A  tendency  to  transrerse  fissnring  has  also  been  described, 
but  this  is  probably  artificial.  Fattj  globules  accumulate  between  the 
fibres  (Fig.  140),  accompanied  in  some  cases  with  granules  and  masses 
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of  reddish-brown  pigment.  There  is  often  also  an  increase  of  thi 
nuclei  (Fig.  188),  and  sometimes  of  the  fibres  of  the  interstitial  tiBSue. 
Two  or  three  rows  of  nuclei  may  lie  between  the  fibres.  The  capiU 
laries  maj  be  dilated  and  distended.  It  is  yerj  common  to  see 
muscular  fibres  that  are  much  altered  side  bj  side  with  others  that 
present  a  nearly  normal  appearance.  Ultimately  the  sheaths  become 
empty,  and  shrink,  and  may  be  scarcely  distinguishable  from  tbo 
interstitial  fibrous  tissue. 

The  peripheral  nerves  contain  many  degenerated  nerve-fibres,  and 
the  terminal  branches  for  the  muscles  a  still  larger  number.  If  the 
nerves  are  traced  up  to  the  cord  it  is  found  that  the  degenerated  fibres 
come  only  from  the  anterior  roots.  These  are  conspicuously  changed 
to  the  naked  eye,  small  and  grey.  They  may  resemble  fine  threads  of 
connective  tissue,  and  under  the  microscope  no  nerve-fibres  may  be 
found  in  them,  or  only  a  few  may  remain  of  normal  aspect,  the  rest 
being  in  various  stages  of  degeneration,  or  represented  only  by  their 
empty  sheaths.  The  degree  of  affection  of  the  anterior  roots  corre- 
sponds to  the  wasting  in  the  parts  supplied  by  them.  The  posterior 
roots  are  normal. 

The  spinal  cord  is  often  softer  than  natural  at  the  affected  part,  and 
the  white  substance  of  the  lateral  columns  may  be  gprey  and  translucent 
in  aspect,  especially  in  the  cervical  enlargement.  Under  the  micro- 
scope morbid  changes  are  seen  in  the  anterior  comua,  and  also,  in 
most  cases,  perhaps  in  all,  in  the  antoro-lateral  white  columns.  The 
change  in  the  anterior  comua  corresponds  in  its  intensity  to  the 
origin  of  the  nerves  to  the  most  affected  parts,  and  since  the  latter 
are  usually  the  arms,  the  disease  is  generally  motft  intense  in  the 
cervical  enlargement.  In  stained  sections  the  grey  matter  of  the  horn 
is  less  deeply  tinted  than  normal,  but  in  some  parts  it  may  stain  more 
deeply,  especially  in  the  circumference  of  the  comu  and  the  processes 
of  grey  matter  which  project  into  the  white  column.  Occasionally^ 
larger  areas  have  a  dense  aspect  and  stain  deeply,  but  the  central  part 
of  the  comu  is  generally  pale  and  wasted  in  aspect.  Most  of  the  large 
nerve-cells  have  disappeared ;  many  entirely,  while  others  are  repre. 
sented  only  by  small  angular  bodies.  Not  a  single  large  cell  may  be 
seen  in  a  section  which,  in  a  normal  cord,  would  contain  a  considerable 
number.  Frequently,  however,  a  few  large  cells  can  still  be  seen,  but 
most  of  these  have  lost  their  processes  and  are  more  globular  than 
normal.  The  interstitial  tissue  is  also  changed.  The  nerve  fibriila 
waste  with  the  cells,  and  there  is  an  increase  of  the  small,  angular, 
and  stellate  ceils  and  other  connective-tissue  elemeuta.  The  larger 
vessels  are  dilated  and  surrounded  by  unduly  wide  spaces,  bat  there 
is  no  considerable  distension  of  the  capillaries.  The  oomo  as  a 
whole  is  not  usually  changed  either  in  sise  or  shape.  Similar  altera- 
tions may  be  traced  through  the  dorsal  region*  In  the  lumbar 
enlargement,  the  grey  matter  may  be  normal,  even  when  it  ia  much 
altered  in  the  cervical  region ;  but  if  the  legs  are  wasted,  tbere 
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I  Buniliu  to  thow  aJrAadf  described.  When  the  atro^A; 
begiiu  in  the  legs,  the  disease  maj  be  more  intense  in  the  lomh&r 
than  in  the  cervical  enlargement ;  but  more  often  anjr  degeneration 
that  exiati  ia  slighter,  and  a  larger  number  of  normal  or  slightly 


Fio.  14).— A  noTinal  anterior  eoniu  for  compurlKin  with  th«  next  Hgvwa, 
Fta.  142. — Prng^reuiTB  muteuUr  atroph; ;  mnterior  oomn,  cervioal  region. 
(From  dnwuigs  b;  Dr.  H.  R.  Spcocer.) 

changed  cells  can  be  seen.  Sometimes  oertsin  groups  of  edll  are 
little  affected  while  others  are  much  atrophied.  The  degeneratioa 
majr  inTulTe  to  some  fliteu..  the  intermediate  grej  matter  between  the 
coraua*  but  here  it  ceases  j  the  posterior  horn  is  always  aormal. 
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There  is  diitinct  degeaentioii 
of  the  anterior  root-fibres  pauing 
from  the  coma  through  the  an- 
terior colniDQ.  A  few  fibrei  baj 
retnain,  but  whole  fascioali  appeiir 
to  be  replaced  by  fibroiu  tiuik. 
There  ii  alio  degeaeration  of  the 
fibres  of  the  anterior  commU- 
rare,  in  conseqaeace  of  which  jt 
Btaina  macb  more  deeplj  than 
Dormal,  in  the  regiona  in  which 
the  grtff  matter  ia  oonBiderablj 
diaeaaed. 

In  the  whito  columiu  there  ii 
uauaUj  considerable,  and  often  al* 
most  complete,  d^eneratioa  of  tlie 
pyramidal     tra«:tt,     anterior    and 

Fie.  143.— ProfjTMnTd  mnacnlu'  atrophft 
d^cDCTMion  of  the  uitarior  oornaa  wd 
pjninidml  tract*.  A,  mrclnlU  obloagiU, 
coupleta  dcftenrrvtion  of  tha  ■utmor 
pynmidt  A  ti  B,  at  tha  nppvr  put  of 
tlie  decuawtiio  (rf  tlu)  p;raiiiicUi  nlha 
ilmifktion  of  tba  drgeneraud  flbm; 
A  r,  tba  pjnmidi,  (till  incompleta.  C; 
fcrvlal,  O,  ianm\,  B,  Inmbiir  MCtion*. 
The  df^rneratkni  of  tha  antarior  cocnu 
k  eomplcte  In  a  but  Id  B  k  f>»  Mill 
ramaio,  far  tha  ni»t  put  wttbont  pro- 
ewaea.  la  C  and  D  tba  d^cnnstion 
of  both  antarior  and  lattral  pjramidil 
tnieta  ii  ooncpicnoiu  I  in  E  tba  siitciiw 
tract  baa  eeiiacd,  and  the  btteral  tnrt 
extend*  up  to  tba  iiirface  of  tha  cord, 
froai  which  it  ii  lepimiad  fn  C  and  I) 
by  tba  UDdrf^enrntnl  dlrrct  cereballar 
tnwt.  In  C  and  D  the  de)teiiai«tioa 
extend*  forwirda  in  ^ont  of  the  literal 
pinmidsl  tract,  but  gmduallj  c««Ka, 
The  BbrM  of  the  iintaior  oommumi* 
are  alao  dr^ntiatad.* 

■  la  thii  e*»*  tba  anni  wer*  greatly 
vutf4  and  flaccid  j  the  leg*  were  para- 
Ijied,  rigid,  with  uodarata  waiting.  Tba 
noaelei  of  tha  back  were  alM  atrophied. 
In  tha  srnii  tha  wcakarw  and  waatlng 
cams  on  at  tha  Mne  time.  In  the  right 
■rm  aoma  tine  bafir*  the  lefu  Tba 
lh'>n1der-maMlca  lolFertd  Bnt,  but  tiN 
atropbj  qaiekly  iprcad,  and  wai  olU- 
■lately  axtrcma  la  tha  motcle*  of  tba 
abonldB^  fweatma,  and  hand*.  Tba  dli- 
ea*c  ran  a  rapid  conne;  death  occurad 
two  yean  a/tor  the  giadoal  ouaeb 
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lateral.*  The  km 
iMQltlng  from  th«  dugeneration 
of  the  two  tnots,  raries  is  ex- 
teat  aooording  to  the  sue  of  the 
anterior  tract,  and  to  the  dis- 
tance which  it  extends  down  the 
oord.  In  Fig.  144  this  ii  illos- 
trated  in  an  unustiaJ  manner,  in 
consequence  of  an  inequality  in 
the  decussation  of  the  pyramids 
at  the  medulla,  fewer  fibres  of 

FlS.  IM.— ProgreuiTe  moKulBr  itro- 
phj.  A,  meJolla  oblongktu  j  de|teii»- 
nUon  of  tba  bd  tcrior  pjnnildi  A.  P. 
B,  eerrirsl,  C  flnt  doml.  D,  fint 
lambar,  E,  mid-lDiDbirfectiani.  Tbe 
Mrre-celli  bars  diiippond  from 
tba  antarior  eomna,  ezoppt  in  E,  In 
wbieb  a  few  remaiD.  Tbcn  ii  roni- 
plata  dcgeneratioD  of  the  pyramidal 
tncia.  ■ntorior  sod  lateral.  Tbe  d^ 
muMcioa  at  tbe  medulla  wa«  anequal 
in  tbii  one;  of  the  left  pjTxmid 
rawer  flbrn  craned  tbin  of  theriEbti 
and  hence  tbe  lelt  anterior  pjnimiilal 
tract  1b  larger,  while  th«  riicbt  lateiml 
tract  li  imnller  tban  normil,  and, 
moreorer,  bai  ceawd  at  tbe  middle  of 
the  lumbar  enlargement,  to  whioli 
tbe  left  antrrioT  tract  eiteDdi.t 

•  I  bare  not  yet  met  with  a  aln^la 
nae  of  pragreHiva  mnaeular  atrophj 
in  which  the  p^rramidal  traota  ware 
nnalfecled.  Sacb  nam  are  eitramclj 
rare,  bnt  one  hai  been  pnbliihed  lij 
Strdrnpell  ('Zeuker'i  ZeitMsh.,'  1SS7. 
ud  'Nenr,  Ceiitnilb)^'  ISSS,  p.  130) 
which  wae  characteriaed  b;  the  general 
waitiogof  the  Hrm,a  Tcrjalov  eouna, 
and  tba  atHenca  of  leg  ejmptomi. 
The  ipinil  nanre-ealla  and  motor 
nerrea  were  degenerated.  StrfimpcU 
•Dggeate  that  the  ifrectiDn  may  baro 
begun  in  the  perlpbenl  motor  nerrei, 
and  bare  nacended  tbeie  to  the  oord. 
If  w,  the  caM  belong*  ta  •  leparata 

t  The  patient  wu  a  man  fortj^eigbt 
vean  of  age.  The  dimte  followed  a 
aevere  eipoiare  to  cold.  Tbe  watting 
of  the  arm>  wae  ailr«me,and  the;  were 
abaolotelj  powerlrw.  Tbe  leg*  wer* 
much  leu  vaated  than  the  ann^  bnt 
proportion  to  the  vraiting. 


rank,  the  low  of  power  being  oat  ej  • 
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the  left  pyramid  haying  crossed  than  of  the  right,  so  that  the  left  half 
of  the  cord  contains  more  than  its  proper  share  of  the  fibres,  and  the 
anterior  tract  extends  into  the  lumbar  region  even  farther  than  does 
the  lateral  tract.  Where  the  direct  cerebellar  tract  exists,  this,  always 
unaffected,  limits  the  sclerosis  of  the  lateral  tract  on  the  outer  side. 
On  the  inaer  side,  the  "  lateral  limiting  layer*'  (see  p.  182)  is  usually 
much  less  degODeruted  than  the  pyramidal  tract,  and  interrenes  be- 
tween the  latter  and  the  grey  matter ;  but  this  layer  suffers  in  some 
deg^ree,  perbaps  by  the  affection  of  outlying  pyramidal  fibres  con- 
tained in  it.  The  sclerosis  does  not  usually  cease  at  the  anterior 
extremity  of  the  pyramidal  tract,  but  extends  forward  in  the  '*  mixed 
zone "  of  the  lateral  column,  lessening  in  intensity,  and  ceasing 
usuiilly  opposite  the  outer  part  of  the  anterior  coma.  It  is  here 
most  intense  close  to  the  grey  substance,  and  ceases  before  it  reaches 
the  surface  of  the  cord,  the  antero-lateral  ascending  tract  being 
unaffected..  This  sclerosis  may  be  due  to  the  degeneration  of 
the  short  vertical  fibres  that  pass  between  adjacent  regions  of  the 
anterior  comu,  and  which  share  the  degeneration  of  the  nerve-cells. 
Occasionally  it  extends,  in  slighter  degree,  into  the  anterior  columns. 
The  posterior  columns  are  always  free  from  definite  degeneration,  but 
there  may  be  some  general  increase  of  connective  tissue  throughout 
the  whole  cord.  The  degeneration  of  the  pyramidal  tracts  is  usually 
considerable  in  degree ;  often  most  of  their  fibres  seem  to  have  perished. 
If  it  is  incomplete  in  the  cervical  region,  it  may  be  slight  in  the  lower 
part  of  the  cord,  the  degenerated  fibres  being  chiefly  those  that  end 
in  the  cervical  enlargement  and  dorsal  region.  When  the  sclerosis  is 
intense,  it  is  not  confined  to  the  cord ;  it  can  be  traced  up  through  the 
decussation  (Fig.  143.  b)  and  through  the  medulla  oblongata,  in  which, 
as  Figs.  143  and  144  show,  the  whole  of  both  pyramids  may  be  degene« 
rated,  so  that  they  stain  deeply,  and  no  nerve-fibres  can  be  dis- 
tinguished in  them.  The  degeneration  of  the  pyramids  has  been 
found  in  several  cases  to  extend  through  the  pons  and  crus  to  the 
internal  capsule,  and  even  through  the  white  substance  to  the  cortex. 
Above  the  capsule,  however,  the  pyramidal  fibres  are  so  mingled  with 
others  that  their  degeneration  is  no  longer  recognisable  by  the  deeper 
staining  of  a  definite  tract;  but  it  has  been  detected  by  the  presence 
of  abundant  products  of  degeneration  in  the  path  of  the  fibres.  In 
the  motor  cortex,  the  large  ganglion-cells  have  been  found  fewer  than 
normal,  and  distinctly  degenerated,  many  having  lost  their  processes, 
and,  in  the  interstitial  tissue,  the  spider  cells  and  other  connective- 
tissue  elements  are  increased  in  number.*  But  the  degeneration  of 
the  pyramidal  tracts  has  also  been  found  to  cease  at  the  crusf  and  at 
the  decussation. { 

*  Ko^chewnikoif,  'ArchiTes  de  Nenrologie,'  1883,  No.  18;    and  'Centralbl.  fL 
Nervenkr./  1885,  p.  409;  Marie,    Neur.  Centralbl.,'  1884,  p.  61. 

t  Kovighi  and  Melotti,  loc.  cit.;  Dorubluth,  'Neur.  CeutnibU'  18S9,  p.  877. 
t  Moeli,  *  Arch.  f.  P»ycb.,'  x,  718. 
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In  cases  in  wHich  the  symptoms  of  bulbar  paralysis  were  present 
doriDg  life,  the  motor  nuclei  of  the  medulla  have  presented  changes 
corresponding  to  those  of  the  grey  matter  of  the  spinal  cord,  with  a 
similar  degeneration  of  the  nerve-cells.  In  other  instances,  the 
degeneration  of  these  nuclei  has  been  slight,  but  in  such  cases  the 
degeneration  of  the  pyramids  has  been  intense,  and  doubtless  involved 
the  fibres  connecting  these  nuclei  with  the  cortex  of  the  brain. 

The  sympathetic  nerves  and  ganglia,  when  examined,  have  been 
found  normal,  or  have  only  presented  such  changes  as  are  common 
apart  from  symptoms  of  disease  of  the  nervous  system. 

Patholoot. — The  theories,  according  to  which  the  disease  was 
regarded  as  primarily  one  of  the  muscles  or  of  the  sympathetic  nerves, 
have  now  only  an  historical  interest.  The  constancy  of  the  changes 
in  the  ganglion-cells  of  the  spinal  cord,  the  degeneration  of  the  motor 
root-fibres,  and  the  analogous  effects  of  acute  lesions  of  the  anterior 
comua,  leave  no  doubt  of  the  relation  of  the  muscular  wasting  to  the 
disease  of  the  grey  matter,  and  essentially  to  that  of  the  ganglion-cells» 
and  the  fibres  proceeding  from  them.  The  slowness  of  the  change 
causes  the  impairment  of  the  nutrition  of  the  muscular  fibres  to  pro- 
ceed pari  passu  with  that  of  the  nerve-elements,  and  the  interference 
with  motor  conduction  to  be  proportioned  to  both.  We  are  thus  able 
to  understand  the  condition  of  electrical  excitability,  and  its  slow 
feulure,  as  nerve  and  muscle  degenerate  together.  It  is  only  when  the 
slow  degeneration  is  varied  by  a  more  acute  process  of  destruction  of 
cells  and  more  rapid  degeneration  of  fibres  that  the  muscular  tissue  is 
for  a  long  time  less  damaged  than  the  nerve-fibres,  and  presents 
paralysis  in  excess  of  the  wasting,^  with  a  voltaic  irritability  in  excess 
of  the  faradic  irritability  of  the  nerve-endings  (p.  24).  Thus  the 
essential  lesion  of  the  disease  is  a  slow  decay  of  the  lower  segment  of 
the  motor  path,  the  segment  which  consists  of  the  ganglion-cells  and 
their  prolongations  in  the  axis-cylinders  of  the  nerve-fibres  (see  p.  176). 
To  this  the  conspicuous  symptom,  the  muscular  wasting,  is  secondary. 
It  is  perhaps  better  thought  of  as  a  degeneration  of  the  whole  segment 
than  as  simply  a  lesion  of  the  ganglion-cells,  although  the  latter 
being  the  element  on  which  the  nutrition  of  the  segment  depends,  the 
two  views  are  merely  different  modes  of  stating  the  same  fact.* 

But  the  disease  is  rarely  limited  to  the  lower  segment  of  the  motor 
path.  The  case  mentioned  in  the  note  on  p.  489  is  an  almost  isolated 
example  of  such  limitation — an  "  exception  that  proves  the  rule."t 

*  In  a  few  aiiomaloos  cases,  degeneration  of  the  motor  cells  of  the  cord  has  been 
met  with  when  no  degeneration  coald  be  detected  in  the  peripheral  mixed  nenres  (see 
Kronthal, '  Neur.  Centralbl.,'  1891,  p.  133).  The  interpretation  of  these  cases  is,  at 
present,  uncertain.  Po.«8ibljr,  complete  disappearance  of  some  fibres  left  the  rest 
apparently  normal,  although  the  skill  of  the  investigators  renders  this  explanation 
difficult  to  accept.  Many  more  olwervations,  however,  are  needed  to  justify  a 
moilification  of  current  Tiews. 

t  Moreover,  the  fact  that  these  ciises  may  not  be  priuiarilj  spinal  must  be  borne 
ia  mind. 
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We  haTe  seen  that  the  pyramidal  tracts  are  commonlj  degenerated, 
and  it  ia  probable  that  the  degeneration  often  extends  through  tbeir 
entire  extent,  and  involves  the  motor  cells  of  the  cortex.*  Thus  the 
upper  segpnent  is  often  degenerated  as  well  as  the  lower  segment.  In 
the  presence  of  that  complete  degeneration  of  the  lower  segment 
which  causes  the  atonic  atrophy  of  the  muscles,  the  degeneration  of 
the  upper  segment  can  caiii»e  no  symptoms.  The  loss  of  power 
that  it  would  produce  is  also  caused  by  the  degeneration  of  the  lower 
segment,  and  the  latter  abolishes  the  myotatic  irritability,  excess  of 
which  is  the  characteristic  indication  of  disease  of  the  upper  segment. 
Hence  the  degeneration  of  the  upper  segment  of  the  motor  path  for 
the  muscles  that  present  the  atonic  atrophy  cannot  be  recognised 
during  life,  for  it  cannot  produce  its  characteristic  symptoms. 

What  is  the  relation  between  the  degeneration  of  the  two  segments, 
between  the  lateral  sclerosis  and  the  affection  of  the  ganglion-cells  ? 
We  cannot  assume  (as  some  hare  been  inclined  to  do)  that  the  affection 
of  the  upper  segment  is  secondary  to  that  of  the  lower,  because  a 
primary  lesion  of  the  grey  matter,  such  as  occurs  in  polio- my ehtis, 
does  not  cause  ascending  degeneration  of  the  related  pyramidal  fibres. 
Moreover,  even  a  complete  interruption  of  the  pyramidal  tracts  is 
followed  by  no  degeneration  of  their  upper  parts.  Hence  the  intense 
degeneration  met  with  in  progressive  muscular  atrophy  cannot  be 
i^egarded  as  secondary.  Neither,  when  there  is  atonic  atrophy,  can 
we  consider  the  affection  of  the  upper  segment  to  be  the  primary  lesion, 
and  to  be  the  cause  of  that  in  the  lower.  In  the  seat  of  slight  atrophy 
there  are,  as  a  rule,  no  indications  of  the  preceding  dtrgeneration  of 
the  upper  segment,  which  would  certainly  exist  if  this  lesion  were  the 
primary  change.  Moreorer,  degeneration  of  the  upper  segment  does 
not  necessarily  cause  any  degeneration  of  the  lower.  It  is  a  matter  of 
ererT-day  observation  that  intense  degeneration  of  the  term  natioQ  of 
the  upper  segment  may  occur,  from  dorsal  myelitis,  for  instance,  with- 
out  any  considerable  wasting  of  the  legs,  and  such  depenera^  k>a  has 
never  been  known  to  excite  the  complete  degeneration  of  the  lower 
segment  which  cau^^es  atonio  atrophy.  Hence  the  oolr  adequate 
explanation  of  the  facts  is  that  the  degeneratioo  of  the  upp^r  and 
lover  segments  is  simultaneous,  or  if  not  simultaneoas,  ax  'i^mjsz  so  far 
indei.vndeat  that  ne;;her  is  the  cause  or  consequeno*  of  t.e  v'.iter; 
both  are  the  results  o:  the  same  tendency  to  degeoerai.'Oc  of  the 
motor  (\i:h.  Ato'.::c  musoolar  atrophy  is  thos,  at  ka^  in  many 
<ti5e$^  the  visille  expression  \>i  a  teaden^rj  to  decay  c*  I4*e  whvjle 
m^'tv^r  pa:h  f r.  ra  ice  v»r:ex  of  the  Vrx-a  to  the  imxje^i. 

The  we<&lness3  of  sou;e  i>Arts,  as  the  le^n,  wim  exoesKxe  lavccade 


*  At  \3n  saaM  '.i&v.  ««  '2*t«  tw^a   >.  313    :.>&:  'Jut 
Sb<x«  U  JM»  iz  liatir  jo««r  :.:aa  i£  i.:«£r 
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irritabilitj,  often  going  on  to  spasm,  is  explained  by  the  degCDeration  of 
the  pyramidal  fibres  for  the  legs,  the  lower  segment  being  unaffected.  It 
18  easy  to  understand  that  the  affection  of  the  upper  segment,  and 
escape  of  the  lower^ortbe  affection  of  both,  may  vary  much  in  relative 
extent,  and  give  rise  to  the  multiform  Tarieties  already  mentioned.  In 
such  a  case,  the  nerve-cells  for  the  part  thus  paralysed  are  normal. 
This  weakness  of  the  legs  usually  succeeds  the  wasting  in  the  arms, 
and  in  most  cases  in  which  spastic  paraplegia  is  followed  by  atrophy 
in  the  arms,  the  latter  have  not  shared  the  spastic  palsy.  When  this 
condition  is  associated  with  slight  wasting  of  the  legs,  without  con- 
siderable change  in  electrical  irritability,  the  condition  exists  that  we 
have  more  than  once  considered,  in  which  we  must  assume  that  the 
motor  nerve  cells  of  the  cord,  while  structurally  intact,  undergo  slight 
changes  in  nutrition.  In  this  condition  there  are  many  ner?e-cell8  of 
normal  appearance  in  the  grey  matter ;  the  alterations  in  nutrition  are 
too  slight  to  cause  changes  in  aspect,  or  if  there  are  such  changes  we 
have  not  yet  learned  to  detect  them.  They  are  perhaps  results  of  the 
degenerative  changes  in  the  termination  of  the  upper  segment ;  when 
such  degeneration  is  secondary  to  a  focal  lesion  of  the  cord  or  bnun, 
the  changes  in  nutrition  of  the  cells  seldom  attain  such  a  degree 
as  to  arrest  the  myotatic  irritability,  or  to  cause  wasting  such  as 
attends  the  destruction  of  these  cells. 

In  some  cases,  however,  the  muscular  wasting  may  be  great,  although 
the  increase  of  myotatic  irritability  persists.  In  these  cases,  as  we 
have  seen,  there  is  considerable  rigidity  of  the  muscles  throughout  the 
whole  course  of  their  wasting,  the  condition  that  we  have  termed 
**  tonic  atrophy."  In  such  a  condition  it  is  common  to  find  that  many 
nerve-cells  have  disappeared  or  are  very  small,  but  others  remain 
normal  or  slightly  changed  in  aspect.  Apparently,  in  addition  to 
the  degeneration  of  the  upper  segment  and  to  the  nutritional  changes 
just  mentioned,  we  have  then  a  considerable  degeneration  of  many, 
but  not  destruction  of  all,  the  elements  of  the  lower  segment.  We 
cannot  regard  this  as  simply  secondary  to  the  degeneration  of  the 
upper  segment,  for  the  reasons  already  given.  It  must  be  the 
expression  of  a  distinct  pathological  tendency  similar  to  that  which 
elsewhere  causes  the  atonic  atrophy  and  total  wasting,  but  slighter 
in  extent  and  later  in  time — insufficient  to  prevent  the  less  affected 
cells  from  causing  rigidity  under  the  influence  of  the  degeneration 
of  the  upper  segment.  It  is  doubtful  whether  the  tonic  atrophy  ever 
goes  on  to  atonic  atrophy.  Theoretically  conceivable,  it  is  certain 
that  if  it  ever  occurs  it  is  extremely  rare.  Nor  does  it  seem  that  atonic 
atrophy  ever  gives  place  to  tonic  atrophy,  with  excessive  myotatic 
irritability.  The  rigidity  of  tonic  atrophy  is  due  to  the  degeneration 
of  the  upper  segment,  but  the  effect  is  not  produced  if  the  lower 
segment  is  already  the  seat  of  such  extensive  degenerative  changes  as 
abolish  myotatic  irritability.  The  pyramidal  fibres  for  the  parts  that 
are  the  seat  of  atonio  atrophy  are  constantly  found  degenerated. 
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althougH  the  muscles  have  been  flaccid  to  the  last.  In  the  rare  caset 
(mentioned  on  p.  480)  in  which  muscles,  with  atonic  atrophj, 
become  rigid  towards  the  end  of  the  process,  it  is  probable,  as  the 
tenderness  suggests,  that  the  rigidity  is  idiopathic,  due  to  the  changci 
in  the  muscles,  and  is  not  dependent  on  the  central  nerrous  sjsteoL 
It  may  be  the  result  of  the  increase  in  the  interstitial  connective  tissue, 
and  the  longitudinal  division  and  fibrillation  by  which  the  muscular 
fasciculi  come  to  resemble  bundles  of  connective-tissue  fibres.  It  is 
also  possible  that  similar  idiopathic  muscular  changes  may  ultimately, 
in  tonic  atrophy,  maintain  and  increase  the  rigidity  that  is  primarilj 
dependent  upon  the  spinal  cord. 

It  has  been  mentioned  that  the  cases  in  which  the  legs  present 
the  simple  palsy  and  spusm,  or  the  tonic  atrophy,  which  indicate 
degeneration  of  the  pyramidal  tracts,  have  been  separated  by  Charcot, 
and  termed  "  amyotrophic  lateral  sclerosis,"  the  separation  being  based 
on  the  assumption  that  in  such  cases  the  primary  lesion  is  the  degene- 
ration of  the  pyramidal  tracts,  and  that  the  affection  of  the  grej 
matter  is  secondary  or  "  deuteropathic,"  even  where  the  atrophy  is 
atonic.  We  have  seen  also  that  this  assumption  is  unwarranted  so  far 
as  the  atonic  atrophy  is  concerned.  It  is  prol^ble  that  the  pyramidal 
tracts  are  degenerated,  if  not  constantly,  at  any  rate  in  such  a  verj 
large  proportion  of  the  cases  of  progressive  muscular  atrophy,  that 
Charcot's  distinction  is,  in  effect,  giving  a  new  name  to  an  old  disease, 
and  that  the  sequence  is  not  that  indicated  by  the  name.  Whether 
there  are  indications  of  lateral  sclerosis  or  not,  depends  on  the 
circumstance  whether  the  degeneration  of  the  pyramidal  fibres  is  or  is 
not  more  extt'usive  than  the  complete  degeneration  of  the  nenre-cells 
that  causes  atonic  atrephy.  If  the  latter  is  universal,  the  pyramidal 
tracts  may  be  totally  degenerated,  and  yet  there  may  be  none  of  the 
characteristic  indications  of  such  degeneration.  On  the  other  hand, 
both  arms  and  legs  may  be  the  seat  of  the  spastic  paralysis  that 
indicates  pymmidal  degeneration,  and  atonic  atrophy  may  be  limited 
to  a  few  muscles  of  the  bands.  Between  these  we  have  every  grada- 
tion, in  degree  and  distribution,  of  atonic  atrophy,  spastic  paralysis, 
and  tonic  wasting. 

The  process  in  the  grej  matter  has  been  regarded  by  some  as  a 
chronic  inflammation.  The  occasional  rapid  increase  in  the  symptoms 
may  be  thought  to  be  justification  for  this  view  ;  but  the  process  in 
ironeral  is  at  the  degenerative  extrenuty  of  the  series  of  nenre-leeions. 
The  principle  involved  in  this  question  has  been  already  discussed, 
and  we  have  seen  that,  whatever  be  the  nature  of  the  primary  process, 
we  must  reci>gnise  secondary  tissue  changes  of  independent  energy,  and 
that  a  distinct  process  of  inflammation  may  occaaionally  form  part  of 
these  (see  p.  396).  The  significance  of  the  occurrence  of  inflammation 
may  therefore  easily  be  overrated,  so  far  as  concerns  the  question  of 
the  process,  uud  the  tissue-elements  in  which  the  disease  begins. 

1  )i40Nosis. — The  simultaneous  and  gradual  onaet  of  weaknen  and 
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tTAsting,  the  slow  but  progressiye  increase  and  extension  of  the  sym- 
ptoms, render  the  diagnosis  of  the  developed  malady  simple  and  easy. 
At  the  onset,  wHen  only  a  single  muscle  or  group  of  muscles  is 
affected,  the  question  arises  whether  the  atrophy  is  local  or  is  the 
commencement  of  a  wider  affection.  Local  atropby  is  said  sometimes 
to  occur  from  great  over-use  of  a  muscle,  especially  one  of  the  small 
muscles  of  the  band,  but  such  a  cause  is  extremely  rare,  and  only  to 
be  suspected  on  the  clearest  indications. 

As  a  rule,  the  local  atrophy  from  which  the  affection  has  to  be  dis- 
tinguished is  that  due  to  disease  of  the  nerves.  The  ¥rasting  from 
disease  of  single  nerves  or  at  a  plexus  (as  the  brachial)  is  sufficiently 
distinguished  by  its  limitation,  coupled  with  its  rapid  onset  and 
associated  sensory  symptoms.  Much  more  difficult  is  the  distinction 
of  some  forms  of  multiple  neuritis.  The  difficulty  presents  itself 
chiefly  in  two  forms : — (1)  When  the  spinal  affection  begins  as  sub- 
acute atrophic  palsy  (see  p.  483).  (2)  When  neuritis  affects  chiefly 
motor  branches,  as  in  the  arms  in  lead-poisoning,  or  in  the  legs  in 
alcoholism,  ix.  In  the  first  case  it  is  necessary  to  wait  for  Bigns 
of  slower  wasting  in  other  parts  than  those  first  affected  before 
a  diagnosis  can  be  made.  In  the  second,  a  careful  search  will  generally 
reveal  other  symptoms  of  neuritis,  and  a  known  cause  is  usually 
obtrusive. 

In  pachymeningitis  of  the  cervical  region,  with  considerable 
damage  to  the  nerve-roots,  the  wasting  in  the  arms  may  resemble  that 
of  progressive  muscular  atrophy,  and  there  is  often  weakness  with 
rigidity  in  the  legs,  but  the  wasting  is  less  chronic  in  onset,  and  is 
always  accompanied  by  distinctive  sensory  symptoms, — ^by  acute  pains 
and  usually  by  ansdsthesia,  irregular  in  distribution.  The  same  dis- 
tinctions suffice  for  the  diagnosis  in  diseases  of  the  nerve-roots  of  the 
Cauda  equina,  as  by  a  tumour.  This  may  cause  slow  wasting  in  the 
legs,  but  there  is  idways  severe  pain  and  loss  of  sensibility.  Chronic 
disseminated  myelitis  may  cause  wide- spread  muscular  atrophy,  but  is 
distinguished  by  the  presence  of  symptoms  of  irregular  damage  to 
other  structures  in  the  cord.  The  diagnosis  from  syringo-myelia  will 
be  considered  in  the  account  of  this  disease. 

From  primary  muscular  atrophy,  "  idiopathic  atrophy,"  "  muscular 
dystrophy,"  as  it  has  been  termed,  the  diagnosis  is  sometimes  easy, 
sometimes  very  difficult.  It  is  easy  in  the  pseudo-hypertrophic  form, 
and  often  also  in  the  atrophic  variety  (the  cases  in  which  no  muscles  are 
large),  on  account  of  its  characteristic  distribution,  its  course,  the  age  at 
which  it  begins,  and  the  tendency  to  affect  many  members  of  a 
family,  and  males  more  than  females — features  that  will  be  presently 
described.  Whenever  several  cases  of  muscular  atrophy  occur  in  a 
family,  or  during  childhood  or  youth,  the  probability  is  great  that  they 
are  idiopathic  and  not  spinal.  Indeed,  the  idiopathic  form  is  to  be 
suspected  whenever  muscular  atrophy  begins  under  twenty,  unless 
there  are  distinctive  spinal  symptoms.     But  cases  are  sometimes  met 
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witli  in  which  idiopathic  atrophj  begiDs  in  adult  life,  and  the  diMino* 
tion  of  Buch  cases  maj  be  very  cUfficult,  and  will  be  better  understood 
after  a  perusal  of  the  account  of  this  disease. 

Pboonosis. — The  progressive  character  of  the  maladr  renders  the 
prognosis,  in  every  case,  grave  and  uncertain.  The  chief  guide  is  the 
observed  tendeucj  of  the  morbid  process,  both  the  fact  of  its  actual 
advance  and  the  energy  it  manifests.  At  the  same  time,  there  is  a 
possibility  of  arrest,  greater  in  middle  life  than  in  old  age.  Some  in- 
crease  of  atrophy  in  the  parts  already  affected  may  occur  for  a  short  time 
after  the  process  in  the  cord  has  ceased  to  spread — the  muscular  wasting 
going  on  until  it  corresponds  to  the  changes  in  the  nerves  that  havo 
already  taken  place.  The  prospect  of  arrest  seems  to  be  greater  in  the 
cases  in  which  the  wasting  is  strictly  symmetrical  and  nearly  simul- 
taneous on  the  two  sides,  than  in  those  in  which  it  is  irregular,  and 
attacks  the  second  side  when  it  has  attained  a  marked  degree  in  the 
first.  Spontaneous  cessation  unfortunately  seldom  tends  to  occur 
until  an  advanced  stage  is  reached  ;  but,  as  the  result  of  treatment, 
arrest  may  take  place  at  any  stage.  The  danger  to  life  is  chiefly 
proportioned  to  the  interference  with  the  muscles  of  respiration*  and 
to  the  indications  of  implication  of  the  medulla.  Bulbar  symptoms 
increase  the  g^vity  of  the  prognosis,  especially  when  definite  weakness 
can  be  recognised.  Slight  vague  difficulty  in  articulation  may  remain 
stationary  for  years,  and  does  not  necessarily  render  the  prognosis 
worse,  especially  if  the  atrophy  elsewhere  does  not  increase  rapidly. 
If  the  malady  ceases  to  advance,  the  prospect  of  any  recovery  depends 
on  the  rate  at  which  the  disease  has  progressed.  Recent  rapid  loss  of 
power  may  be  to  some  extent  recovered  from*  especially  when  the 
muscles  present  the  degenerative  reaction.  Wasting  that  has  existed 
for  six  months  will  probably  persist  unchanged.  In  a  typical  chronic 
case  there  is  little  hope  of  any  actual  recovery  of  tissue  or  power. 
The  effects  depend  on  a  slow  destruction  of  nerve-elements,  the  renewal 
of  which  seems  to  be  impossible. 

Tbeatmbnt. — The  first  important  element  is  to  secure  favorable 
conditions  of  life,  and  to  maintain  the  general  health  as  perfect  as 
possible.  Fresh  air  and  gentle  exercise  are  important,  but  all 
fatiguing  exertion  should  be  avoided,  and  likewise  all  mental  strain. 
When  the  patient  becomes  helpless,  great  care  is  necessary.  Bedsores 
in  this  disease  mean  inattention,  and  may  always  be  avoided. 

Only  one  method  of  treatment  has,  in  my  own  experience,  shown 
itself  capable  of  arresting  the  disease,  not  indeed  in  all,  but  in  more 
than  half  the  cases  in  which  it  has  been  employed.*    It  is  the  admin- 

*  At  first  I  regarded  the  apparent  retalt  with  donht,  hot  esrtfal  aad  rvpanted 
ohterrationi  have  made  it  impoaaible  to  oontider  the  arrest  of  the  dieeaee  aa  other 
than  the  direct  effect  of  the  treatment.  It  may  he  asked.  Why  ahonld  not  a  larger 
d(Me  by  the  month  he  eqnally  elTectlTef  A  large  doee  involrea  risk  of  OfW  atim^* 
lating  the  nerYe-elenieDts,  and  doing  harm  rather  than  good|  it  is  qnitt  diflaraat 
from  a  small  dose  acting  suddenly. 
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istration  of  strychDia  by  hypodermic  injection.  In  seven  almost  con- 
secutiye  cases,  in  middle  life,  this  treatment  has  been  followed  by 
arrest  within  a  month  of  its  commencement,  and  the  arrest  has  been 
permanent  in  all  the  cases  but  one.  In  the  senile  cases  the  treatment 
has  failed,  but  in  most  of  them  the  disease  was  m  an  advanced  stage, 
and  the  lumbar  cord  had  begun  to  suffer.  In  some  of  the  cases 
in  which  the  result  was  prompt  and  distinct,  strychnia  given  by 
the  mouth  bad  failed.  It  is  conceivable  that  the  different  result  is 
due  to  the  fact  that  the  agent  is  brought  into  more  rapid  contact  with 
the  nerve-elements,  perhaps  in  purer  form.  Its  action  may  possess 
greater  momentum,  as  it  were,  and  may  thus  exert  an  influence  on  the 
nutrition  of  the  nerve-elements  much  more  considerable  than  when  it 
is  slowly  absorbed  from  the  alimentary  canal.  One  injection  daily 
has  been  given,  at  any  convenient  place.  The  nitrate  is  the  most  con- 
venient salt,  one  hundredth  of  a  grain  at  first,  quickly  increased  to 
one  fortieth.  It  is  not  wise  to  give  a  larger  quantity,  lest  the  nerve- 
elements  should  be  OTer-stimulated ;  although,  in  their  damaged 
state,  they  may  be  unable  to  manifest  the  influence,  it  may  yet  do 
harm.  When  the  malady  is  apparently  arrested,  it  is  well  to  intermit 
the  injections  for  one  week  in  three  or  four.  Other  nervine  tonics 
seldom  exert  a  distinct  influence,  but  those  that  are  useful  in  other 
degenerative  diseases,  as  tabes,  may  be  given  by  the  mouth  at  the 
same  time  as  the  injections  are  employed.  In  a  malady  so  grave,  it  is 
desirable  to  neglect  nothing  that  may  possibly  exei-t  a  beneficial  in- 
fluence. 

Local  treatment  of  the  muscles  has  very  little  influence  on  the 
wasting,  as  may,  indeed,  be  expected  from  its  nature.  The  most 
sedulous  and  skilful  use  of  electricity,  voltaic  or  faradic,  fails,  as  a 
rule,  to  produce  alone  any  effect  on  the  course  of  the  disease.  If  the 
malady  is  progressing  at  the  same  rate  in  each  arm,  and  the  muscles  of 
one  arm  are  regularly  treated  with  electricity,  while  those  in  the  other 
arm  are  left  alone,  no  difference  can  be  detected  in  the  rate  of  wasting 
on  the  two  sides.  It  is  possible,  nevertheless,  that  electricity  some- 
times does  a  little  good.  In  cases  in  which  a  rapid  loss  of  power  has 
occurred,  and  weakness  is  out  of  proportion  to  the  wasting,  some  re- 
covery is  possible,  and  there  is  no  doubt  that  the  excitability  of  the 
muscular  tissue  is  maintained  for  a  longer  time  by  galvanism,  although 
the  bulk  of  the  muscle  may  not  be  influenced.  In  other  cases,  all  that 
can  be  said  is  that  the  influence  of  electricity,  properly  applied,  is  in 
the  right  direction.  Moreover,  the  disease  is  one  of  those  in  which 
j»atients  find  it  hard  to  believe  that  electricity  cannot  help  them,  and 
the  probability  is  that  their  conviction  will  be  fostered  by  some 
medical  adviser.  It  is  one  of  the  diseases  in  which  unjustifiable 
assertions  are  too  often  made  that  early  electrical  treatment  would 
have  been  successful  It  may  be  well,  therefore,  if  only  to  satisfy 
the  patient  that  nothing  has  been  left  untried,  that  a  careful  course 
of  electrical  treatment  should  be  adopted.    Faradism  may  be  used 
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if  tLe  muscles  are  sensitive  to  it,  but  if  thej  present  anj  greater  irri* 
tabilitj  to  Yoltaism,  it  is  better  to  use  this.  It  is  immaterial  whether 
the  application  is  confined  to  the  muscles  or  whether  one  electrode  is 
placed  oyer  the  affected  part  of  the  spinal  cord.  The  latter  method 
has  no  disadvantafi^es,  but  mj  own  observations  have  failed  to  confirm 
the  confident  statements  sometimes  made  regarding  its  superiority. 
It  is  very  important  that  the  current-strength  employed  should  be 
moderate.  Strong  applications  often  cause  much  subsequent  paio, 
and  even  increased  disability,  and  should  be  carefully  avoided.  I 
have  known  a  rapid  increase  of  weakness  follow  a  strong  application, 
in  a  way  that  convinced  the  patient  at  least  that  the  two  were  con- 
nected. 

Bubbing  and  massage  of  the  muscles  have  been  frequently  em- 
ployed, and  of  this  treatment  also  it  may  be  said  that  its  influence  ii 
in  the  right  direction,  although  usually  inappreciable  so  far  as  the 
muscular  atrophy  is  concerned.  Combined  with  passive  movement, 
the  influence  of  rubbing  in  preventing  and  diminishing  deformities  ii 
more  distinct.  No  special  bath  treatment  is  of  service.  When  the 
disease  occurs  in  the  subjects  of  syphilis,  specific  treatment  invariably 
fails,  and  I  have  even  known  the  progress  of  the  disease  to  be  dis- 
tinctly accelerated  by  an  energetic  course  of  treatment  both  by  iodide 
and  by  mercury.  It  is  important  that  all  treatment  should  be  p1I^ 
sued  in  moderation,  and  that  its  effects  should  be  carefully  watched. 


Akthritic  Musculab  Atsopiit. 

Articular  inflammation  is  almost  invariably  attended  with  rapid 
wasting  of  the  muscles  that  move  the  joint.  This  occurs  equally,  what- 
ever be  the  cause  of  the  inflammation,  and  whether  this  is  spontaneous 
or  traumatic.  It  attends  chronic  as  well  as  acute  inflammations,  and 
occurs  in  animals  if  joint-inflammation  is  produced  in  them.* 

The  muscles  that  waste  are  chiefly  those  which  extend  the  affected 
joint.  The  atrophy  is  well  seen  in  the  muscles  in  front  of  the  thigh, 
when  the  knee  is  inflamed.  If  the  ankle  is  affected,  the  calf  muscles 
chiefly  waste ;  if  the  hip,  the  glutei ;  if  the  wrist,  the  extensor  muscles  of 
the  forearm  ;  the  triceps  when  the  elbow  is  affected  ;  the  deltoid  when 
the  shoulder-joint  is  inflamed.  In  rheumatoid  arthritis  of  the  finger- 
joints,  such  wasting  is  usually  very  conspicuous  in  the  interossei,  and 
especially  in  the  abductor  iudieis.  The  atrophy,  however,  sometimes 
involves  the  flexors  as  well  as  the  extensors,  and  rarely  muscles  of  the 
limb  that  are  near  but  do  not  move  the  affected  joint.  In  very  rare 
cases  all  the  muscles  of  a  limb  have  presented  some  wasting.     Cases 

*  Vmltat,  *  Archives  Q6n6rn\e9,*  1877,  tome  zxx.pp.  159  and  321.  The  laljeet  hM 
been  diecassed  by  Viilpian  ('  Lemons  far  I'App.  Viito-iiioteur/  1875,  t.  ii)  and  bj  Pag«t 
(* Lancet/  1873,  vol.  ii,  p.  727,  in  a  lecture  republished  in  'Clinical  Jjecturef  and 
£f«ays,'  1875,  p.  208). 
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In  which  the  atrophy  is  nnuaual  in  distribution,  and  especially  when 
it  18  on  the  distal  side  of  the  affected  joint,  must  be  regarded  with 
some  suspicion,  because  inflammation  may  have  spread  from  the  joint 
to  a  nerve,  and  distant  wasting  may  have  been  thus  produced.  It  is  said 
that  there  is  sometimes,  at  the  onset,  a  considerable  weakening  of 
the  muscle,  interfering  with  movement  more  than  can  be  accounted 
for  by  the  pain  in  the  joint  which  movement  causes,  and  that  such 
initial  palsy  is  transient  (Valtat,  Duchenne).  But  the  pain,  by  its 
inhibitory  influence,  usually  obscures  such  palsy,  which  is  indeed  con* 
f  essedly  rare. 

The  atrophy,  on  the  other  hand,  may  be  regarded  as  almost  con- 
stant. If  the  onset  of  the  joiut  affection  is  acute,  the  wasting  occurs 
rapidly ;  in  a  week  or  ten  days,  a  difference  in  the  circumference  of 
the  limb  may  be  detected  by  measurement.  However  long  the  affected 
muscle  may  be,  the  wasting  involves  the  whole  length  of  it,  and  not 
merely  the  part  in  the  neighbourhood  of  the  diseased  joint.  The 
degree  varies ;  usually  moderate,  and  sometimes  slight,  it  is  occasionally 
eonsiderable,  so  that  the  femur  may  be  readily  felt  when  the  quadriceps 
femoris  is  the  seat  of  the  wasting,  or  the  head  of  the  humerus  may  be 
distinct,  and  the  acromion  prominent,  if  the  deltoid  is  affected* 
Although  the  whole  length  of  the  affected  muscle  is  always  involved, 
if  the  muscle  is  a  wide  and  compound  one,  some  parts  may  suffer 
chiefly.  Thus  in  the  thigh  all  parts  of  the  extensor  may  waste  equally, 
or  the  rectus  or  vastus  intemus  may  suffer  more  than  the  other  parts. 
The  wasting  increases  during  two  or  three  weeks,  then  becomes 
stationary,  but  continues  as  long  as  the  joint  disease  lasts.  When  the 
joint  has  recovered,  the  muscles  in  most  cases  slowly  regain  their 
normal  size.  Occasionally,  especially  when  the  arthritis  has  lasted  a 
long  time,  the  wasting  may  continue  for  mouths  or  years  after  the 
joint  disease  is  at  an  end. 

The  electrical  irritability  of  the  atrophied  muscles  may  be  normal, 
but  is  often  slightly  lowered,  equally  to  faradism  and  voltaism.  The 
change  is  trifling,  to  be  recognised  only  by  comparison  with  the  other 
side.  There  is  generally  a  distinct,  and  sometimes  a  considerable,  local 
increase  in  myotatic  irritability;  the  knee-jerk  is  excessive  if  the 
thigh  muscles  are  affected,  and  a  rectus-clonus  can  sometimes  be 
obtained.  A  foot-clonus  may  be  elicited  when  the  ankle-joint  is 
affected.  Occasionally  the  increased  irritability  extends  beyond  the 
region  of  atrophy,  so  that,  for  instance,  a  foot-clonus  may  be  obtained 
when  the  knee-joint  and  thigh  muscles  are  affected,  although  there  is 
no  wasting  below  the  knee.  As  an  example  of  this,  which  illustrates 
also  the  occasional  persistence  of  the  atrophy,  may  be  mentioned  the 
case  of  a  young  man  who  jumped  over  a  hoarding  and  twisted  his  left 
leg  in  doing  so.  He  felt  immediately  severe  pain  in  the  knee,  the  joint 
quickly  swelled,  and  became  the  seat  of  sn  acute  inflammation  which 
lasted  for  several  weeks,  and  then  slowly  subsided.  During  the 
inflammation,  the  thigh  wasted*    I  saw  him  two  years  after  the  onset* 
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aDd  there  was  still  considerable  wasting,  involviDg  the  whole  of  the 
ezteDsor  of  the  knee.  The  minimum  circumference  of  the  left  thigh 
above  tbe  knee  was  three  quarters  of  an  inch  less  than  that  of  the 
right,  although  there  was  no  difference  between  the  two  legs  below  tbe 
knee.  There  was  a  slight  diminution  in  faradic  and  voltaic  irritabilitj 
in  the  affected  muscles.  The  knee-jerk  was  much  more  considerable 
on  the  left  than  on  the  right  side,  and  there  was  a  well-marked  foot- 
clonus  in  the  left  leg,  but  none  in  the  right.  A  year  and  a  half  later 
the  symptoms  were  unchanged.  Very  rarelj  some  contracture  occurs 
in  the  opponents  of  the  atrophied  muscles.  Sensory  symptoms  are  as 
a  rule  absent,  but  there  may  be  slight  tingling  in  the  BYin  during  the 
acute  stage  ;  it  is  said  that  areas  of  aneesthesia  sometimes  develop,  but 
probably  in  such  cases,  inflammation  has  extended  to  a  nerve  in  the 
vicinity  of  the  joint. 

Pathology. — Few  facts  have  been  ascertained  regarding  the  con- 
dition in  man.  In  one  case,  carefully  investigated,  the  only  change 
was  in  the  muscles,  and  consisted  merely  in  a  narrowing  of  the  fibres, 
one  half  of  which  were  below  the  normal  average,  while  no  less  than 
84  per  cent,  fell  short  of  a  standard  which,  in  health,  only  21  percent 
failed  to  reach.*  A  few  presented  longitudinal  striation  (as  ia 
Fig.  140),  and  some  of  normal  width  were  unduly  tortuous ;  otherwise 
their  aspect  was  normal.  The  sheath  nuclei  were  proliferated  ia 
{•laces,  and«  apart  from  this  change,  the  intermediate  substance  pre- 
sented local  increase  in  quantity,  especially  where  the  fibres  were 
narrower  than  normal.  This  observation  agrees  with  those  that  have 
been  made  on  animals,  in  which  the  condition  has  been  produced,  audio 
them,  moreover,  the  motor  nerves  have  been  found  normal  (Yaltat).t 
Indications  of  inflammation  have  been  found  in  the  joint-nerves, J  as 
might,  indeed,  be  expected,  whatever  the  mechanism  of  the  atrophy. 
Visible  changes  in  the  spinal  cord  have  never  been  discovered,  but 
this  does  not  exclude  nutritional  changes. 

We  may,  therefore,  exclude  fr<.>m  the  possible  causes  all  forms  of 
motor  neuritis,  both  simultaneous,  due  to  the  cause  of  the  joint 
inflammation,  and  consecutive,  communicated  to  the  adjacent  nerve 
from  the  joint.  The  latter  (a  secondary  extension  of  inflammatioa 
to  the  nerve)  would  manifcbtly  not  explain  the  affection  of  the 
whole  of  a  muscle  on  the  proximal  side  of  the  affected  joint — as, 
for  instance,  atrophy  of  the  %khole  extt-nsor  in  arthritis  of  th^  knee,— 
although  the  extension  does  occur  and  must  be  recognised  as  an 
0\.v;uiou;il  event  §  We  must  also  recognise  the  possibility  of  a  simul- 
taneous teuntis,  with  acute  changes  in  the  nerve-fibres,  manifested 
by  the  react K*n  of  de^neration  in  the  muscles.    The  event  is,  how- 

•  Ua'kMrhrmh^-^h, '  Xrur.  Cri.U'  18S»1,  p.  85S. 

t  Val:aU  *  IV  rAtn^phi«  Mo«c^  kc^'  Paria,  1877.  8e«  abo  Derocbc,  'Ctnde 
rlin.  ti  rjip/  Paris  1^)^)*       I  See  DnpUy and  Cmtio.  «Arrh.  Qfo^'  Janouy,  1891. 

§  J?.y.  to  ti-.e  ulnar,  in  rbeomatoid  mrthritU  of  the  hand  (Bnry,  *  Med.  ChitNL,' 
ISv^.  p.  1>:^>.  S«>e  on  thU  nbject  A.  E.  Oarrod.  *  XedUChir.  T^ans,'  Izxi, 26(|  aim 
Pitrt^  and  VaiUard,  •  Bcv.  da  M«L,'  l587.  Ko.  6b 


ABTHRITIC   MUSCULAR  ATROPHY.  501 

ever,  ozceptional.  It  is  certainlj  separable  and  to  be  separated  from 
the  common  arthritic  atrophj ;  but  it  is  not  easj  to  keep  apart  the 
two  yarieties  of  neuritis — the  simnltaneons  and  the  consecutive — 
when  a  case  is  seen  onlj  long  after  the  onset,  because  a  neuritis  that 
arises  bj  extension  maj  travel  along  the  nerve  and  present  an  ultimate 
distribution  quite  different  from  that  which  it  possessed  at  the  onset. 

For  ordinary  arthritic  atrophies  we  must  seek  some  other  explana- 
tion. The  nature  of  their  cause  long  ago  suggested  to  Paget  a  "  reflei 
influence  '*  on  the  muscles  as  the  probable  mechanism,  and  Yulpian 
and  Charcot  have  suggested  a  similar  hypothesis,  assuming  a  derange- 
ment of  the  nutrition  and  influence  of  the  motor  cells  of  the  cord,  to 
be  determined  by  the  morbid  impulses  from  the  joint-nerves,  and  to 
determine  the  alterations  in  the  muscles.  The  theory  receives  impor- 
tant support  from  the  fact  that  the  wasting  of  the  muscles  is  pre- 
vented by  previous  division  of  the  posterior  spinal  roots  (Baymond), 
which  amounts,  indeed,  to  an  indirect  demonstration  of  the  fact  tliat 
a  reflex  process*  underlies  the  phenomena.  It  is  doubtful  whether 
we  can  go  much  further  than  this.  By  preceding  hemisection  of  the 
cord,  it  is  increased  on  the  side  of  the  operation ;  but  the  conditions 
are  here  more  complex,  and  the  demonstration  of  the  reflex  relation 
less  simple,  than  in  the  result  of  division  of  the  roots. 

The  increased  knee-jerk,  ^.,  that  attend  the  wasting,  and  the 
curious  fact  that  arthritis  may  set  up  a  degeneration  of  the  spinal 
cord,  apparently  beginning  in  the  termination  of  the  pyramidal  fibres 
(see  p.  443),  should  be  kept  in  mind.  They  are  certainly  significant, 
and  suggest  that  the  influence  from  the  joint-nerves  acts  on  the  "  con- 
trolling structure  "  of  the  muscle-reflex  centre  (see  p.  201),  but  more 
facts  are  needed  before  a  valid  hypothesis  can  be  framed. 

Diagnosis. — The  moderate  degree  of  the  wasting,  with  correspond- 
ing change  in  electrical  reactions,  coupled  with  the  wide  extent  of 
the  alteration,  embracing  the  whole  of  the  muscles  involved,  constitute 
a  distinctive  characteristic— distinctive,  at  least,  when  taken  in  con- 
nection with  the  preceding  joint  affection  which  is  the  cause  of  the 
atrophy.  A  primary  neuritis,  causing  secondary  arthritic  adhesions, 
has  its  own  features — their  wider  range,  so  far  as  function  is  concerned, 
and  especially  their  limitation  to  nerve  distribution.  Hardly  any  other 
malady  is  likely  to  be  confused  with  it,  except  some  graver  disease, 
while  still  in  an  early  stage,  but  such  an  affection  can  only  be  dis- 
tinguished by  waiting  until  the  nature  of  the  malady  has  had  time  to 
show  itjielf. 

Pboonosis. — When  the  inflammation  of  the  joint  is  brief  in  dura- 
tion, recovery  of  the  muscles  may  be  anticipated  with  confidence. 
In  children,  even  after  prolonged  joint  disease,  the  muscles  usually 
regain  their  normal  bulk.  In  adults  the  wasting  often  lasts  for  a  long 
time  after  the  joint  is  well,  and  a  cautious  prognosis  should  be  given 
if  the  arthritis  has  lasted  long.     Even  if  slight  wasting  is  persistent, 

•  HaymoDd, « Rev.  de  M^^'  1890.  374. 
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normal  power  is  nsuallj  recovered,  but,  as  the  case  mentioned  abo?6 
shows,  the  sjmptoms  sometimes  continue  for  jears.  The  prognosis 
should  be  especially  cautious  where  there  is  a  marked  increase  in  myo« 
tatio  irritability,  or  if  the  atrophy  shows  a  disposition  to  inyolve 
other  muscles  of  the  limb  than  those  concerned  in  moving  the 
affected  joint. 

Tbbatmbnt. — The  chief  treatment  is  local;  electrical  stimulation 
of  the  muscles,  and  gentle  rubbing.  It  is  doubtful  whether  drugi 
have  any  influence  on  the  condition,  but  small  doses  of  strychnia  iiiar 
be  given,  or  added  to  whatever  agent  is  given  for  the  joint  affection. 
As  long  as  the  joint  is  inflamed,  treatment  rarely  causes  any  increase 
in  the  bulk  of  the  muscle.  It  is  of  gpreat  importance  to  secure  the 
early  recovery  of  the  joint,  and  to  avoid  all  influences  that  cause  pain 
in  it»  since,  as  we  have  seen,  it  is  apparently  through  the  seusonr 
nerves  that  the  joint  affection  exerts  its  injurious  influence.  When 
the  arthritis  has  ended,  the  muscles  usually  recover  slowly  withont 
assistance,  but  it  is  probable  that  the  local  treatment  accelerates  the 
process.  The  form  of  electricity  is  of  little  consequence ;  either  fanu 
dism  or  voltaism  may  be  employed,  but  should  only  be  used  in  suflB- 
cient  strength  to  cause  gentle  contraction.  The  muscles  act  readiljr 
to  faradism,  and  a  mild  faradic  current  is,  as  a  rule,  the  best  to 
employ.  All  painful  stimulation  of  the  sensory  nerves  should  be 
avoided. 


MuscuLAB  Atbopht  fbom  Ovbb-usb. 

MuFr'les  that  are  much  used   sometimes  waste.      The  effect  is 
seen   most  frequently  in  the  small  muscles  of  the  hand,  es(>eciall5 
in  persons  of  weakly  constitution,  who  use  these  muscles  nndnlj. 
Thus  a  young  lady  devoted  many  hours  a  day  to  ^'illuminating," 
during  several  years,  and  then  some  muscles  of  tbe  thenar  eminence 
began  to  waste,  and  became  considerably  atrophied.     Such  wastinfi; 
is  scarcely  ever  met  with  in  the  larger  muscles,  but  has  been  observed 
iu   the    biceps,    consecutive    to    hypertrophy,    in    She£9e1d    smiths 
(Frank-Smith).     The  electric  irritability  is  gradually  lowered  in  this 
local  wasting,  equally  to  both  currents,  as  it  is  in  progressive  mus- 
cular atrophy.    We  do  not  know  whether  this  wasting  from  overuse 
is  purely  local,  or  whether  the  related  ganglion-cells  of  the  spinal 
cord   fail   first,  and  the   muscular  wasting  is    second^iry  to  their 
atrophy.     As  Gull  said   many  years  ago,  ''it  is  as  reasonable  to 
infer  a  lesion  of  the  grey  matter  from  overwork  as  of  the  muscles."* 
The  wasting  often  persists  when  the  over-use  of  the  muscles  is  discon- 
tinued.   Hypertrophy  from  over-use  does  not  usually  give  place  to 
atrophy.     These  two  facts  are  somewhat  in  favour  of  the  view  that 
the  lesion  is  primarily  of  the  nerve-cells.     The  wasting  in  those  cases 

•  <  Gu>'s  Ho»p.  ReporU/  18C2,  p.  2^C 
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shows  no  tendencj  to  extension  beyond  its  original  limits.  The 
treatment  is,  first,  the  cessation  from  the  excessive  exertion  of  the 
muscles ;  secondly,  the  improvement  of  the  general  health,  and  the 
administration  of  nerre  tonics,  especially  of  strychnine ;  and  thirdly, 
the  gentle  electrical  stimulation  of  the  muscles  by  either  faradism  or 
Toltaism. 


IDIOPATHIC  MUSCULAR  ATROPHY 

(MTOPATHIO   ATBOPHT;    MUSGULAB   DTSTBOPHY). 

Idiopathic  atrophy,  which  is  primarily  muscular,  although  it  is  not 
one  of  the  diseases  of  the  nervous  system,  is  commonly  described  with 
them,  because  it  frequently  presents  so  close  a  resemblance  to  the 
spinal  atrophy  just  described  as  to  be  distinguished  with  some  diffi- 
culty. Moreover,  even  the  varieties  that  do  not  present  this  close 
resemblance  were  for  a  time,  and  indeed  until  lately,  believed  to  be  of 
central  nature,  to  depend  on  the  spinal  cord,  and  to  be  rightly  included 
among  its  diseases.  Hence  the  custom  of  thus  describing  them  has 
become  established,  and  has  now  to  be  followed,  although  we  know 
that  it  is  based  on  a  mistaken  theory.  At  the  same  time,  not  only 
has  the  method  the  advantage  of  convenience,  but  it  has  also  some 
m'^asure  of  scientific  justification.  The  muscles  are  more  closely 
allied  to  the  nerves  than  to  any  other  structures,  as  regards  both 
physiological  properties  and  pathological  susceptibility,  and  it  is 
doubtful  whether  any  other  association  would  better  befit  these 
diseases. 

The  idiopathic  myopathies  have  received  a  great  amount  of  atten- 
tion during  the  last  seven  years,  and  more  facts  have  been  ascertained 
than  can  yet  be  used.  The  difference  of  opinion  regarding  the  relation 
of  the  several  forms  is  still  considerable.  For  the  present,  it  seems 
better,  therefore,  to  leave  unchanged  the  method  of  describing  them 
which  was  first  adopted,  and  which  is  not  without  its  advantages. 
Before  long,  it  may  be  possible  to  recast  the  description  of  these 
diseases  on  lines  of  greater  accuracy.*  The  following  account  of  them 
may,  however,  be  more  intelligible  to  the  reader  if  it  is  preceded  by 
a  brief  sketch  of  their  general  pathology.  Any  points  of  interest  in 
connection  with  their  history,  &c.,  are  left  to  be  mentioned  when  the 
varieties  are  described. 

All  the  diseases  of  this  class  seem  to  depend  on  a  defective  tendency 
of  development  of  the  germinal  tissue  which  forms  muscles ;  they  are 

*  A  treatise  upon  them  by  Erb,  who  made  a  ipeciml  itndj  of  the  sabject,  ii  now 
In  coune  of  publication,  and  cannot  f'liil  to  make  oar  knowledge  far  more  prifciie 
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etseDtiallj  congenital  diseasea.  Although  they  are,  in  most  caaei, 
merelj  potential  maladies  at  the  time  of  birth,  and  sometimes  for 
years  afterwards — even  occasionally,  during  a  considerable  part  of 
life — the  morbid  tendency  does  sometimes  attain  actual  development 
in  the  earlier  years.  But  we  know  nothing,  or  almost  nothing,  at  pre- 
sent, of  any  other  cause  than  this  derelopmental  tendency ;  we  know 
nothing  of  these  diseases  as  acquired  maladies,  the  result  of  influences 
acting  on  a  healthy  and  normal  organism. 

Another  fact  of  their  general  pathology  is  analogous  to  that  which 
we  have  already  considered  in  connection  with  developmental  diseases 
of  the  central  nervous  system.  It  depends  on  the  double  constitution 
of  muscular  as  of  nervous  organs,  on  the  presence  of  interstitial 
connective  tissue  between  the  contractile  elements,  and  on  the  relation 
of  both  to  trophic  tendencies.  An  overgrowth  of  the  interstitial 
tissue  may  concur  with  wasting  of  the  fibres,  and  this  overgrowth  may 
bo  abnormal  in  its  features.  Hence  Erb  has  chosen  the  term  "  muscular 
dystrophy,"  as  a  more  precise  designation  for  the  cla^ ;  we  have  yet 
to  see  whether  it  will  obtain  general  acceptance.  The  important  fact 
to  recognise  is  that  there  may  be  either  a  simple  defect  in  the  growth 
of  the  fibres,  ultimately  leading  to  their  disappearance,  or  there  may 
be,  with  this,  an  overgrowth  of  the  connective  tissue,  either  a  simple 
hyperplasia,  or  a  perverted  growth  in  which  fat-cells  form.  These 
cells  increase  its  bulk,  but  are  ultimately  removed.  The  muscular 
fibres  are  thought  sometimes  to  present  hypertrophic  enlargement,  but 
simple  wasting  is  the  most  common  change. 

The  symptoms  by  which  these  changes  are  manifested  vary  accord* 
ing  to  the  nature  of  the  alteration.     In  all  cases,  muscular  power  fails 
as  the  contractile  fibres  waste.   The  chief  difference  in  aspect,  however, 
depends  on  the  seat  of  the  affection  and  the  e£fe<;t  of  the  interstitial 
changes,  and  especially  on  the  frequent  enlargement  of  muscles  from 
the  formation  of  fat  in  the  fibrous  tissue.    This  produces  the  semblance 
of  hypertrophy  that  has  led  to  the  name  '*  pseudo-hypertrophic  para* 
lysis  "  being  applied  to  the  cases  in  which  it  is  present.    The  amount 
of  enlargement  varies  much  i  the  fibrous  tissue  alone  may  cause  none, 
but  it  is  sometimes  great  and  wide-spread  in  the  cases  in  which  fat 
is  formed.     In  all,  however,  a  primary  shrinking  of  the  muscles  is 
due  to  the  wasting  of  their  proper  fibres,  the  result  mainly  of  a 
defective  tendency  of  vital  endurance  or  growth,  and  only  in  a  slight 
degree  to  the  influence  of  the  interstitial  tissue,  when  this  is  increased 
in  quantity. 

Thus  certain  varieties  are  constituted  by  the  external  manifestation 
of  the  muscnlar  changes.  Even  in  the  class  in  which  pseudo- 
hypertrophy occurs,  there  may  be  no  change,  or  only  diminution 
in  the  size  of  the  muscles,  but  with  increased  firmness,  as  the 
accompaniment  of  the  lessened  power.  When  there  is  enlargement, 
this  may  or  may  not  correspond  in  time  to  the  loss  of  power,  since  the 
muscular  fibres  may  waste  either  during  interstitial  growth,  or  aftei 
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this  tissue  has  undergone  the  atrophj  which  ultimately  supervenes. 
Thus  we  may  hare  two  classes  of  cases  belonging  to  this  type, 
one  with  enlargement  of  muscles,  few  or  many,  the  other  with  only 
wasting  of  muscles,  the  two  corresponding  in  position  and  in  the 
general  conrse  and  relations  of  the  affection. 

In  another  form  there  is  never  an  interstitial  growth  of  fat,  and, 
probably,  no  considerable  increase  of  fibrous  tissue ;  simple  atrophy 
of  tae  fibres  is  its  pathological  characteristic,  while  primary  shrink- 
ing of  the  muscles  is  its  external  manifestation.  The  shoulder  muscles 
are  prone  to  suffer  most,  and  in  some  cases  there  is  a  peculiar  affection 
of  the  face.  These  cases  are  also  more  Tariable  in  the  time  of  life  at 
which  the  symptoms  begin.  But  these  yarieties,  as  we  shall  see,  are 
connected  by  cases  which  to  some  extent  combine  the  Tarious  features. 
Such  combined  forms  forbid  the  separation  of  the  types,  which,  neyer- 
theless,  frequently  maintain  so  distinct  a  course  in  many  members 
of  a  family,  even  through  several  generations,  that  we  are  compelled 
to  recognise  their  distinctness,  although  we  cannot  divide  them 
altogether. 

The  essential  element  in  the  disease  has  been  spoken  of  as  a  '*  quali* 
tative'*  defect,  which  entails  an  imperfect  development,  manifested 
sooner  or  later  by  the  defective  vitality  of  the  proper  elements  of  the 
tissue.  But  there  is  reason  to  believe  that  the  defect  is  not  always 
merely  qualitative.  In  some  cases  the  defect  in  certain  muscles  is  so 
absolute  at  so  early  a  period,  as  to  make  it  almost  certain  that  these 
muscles  or  parts  of  muscles  are  congenitally  absent,  and  that  the 
germinal  defect  is  thus  quantitative  as  well  as  qualitative.  The 
muscles  in  which  this  apparent  failure  is  observed  vary  in  the  several 
forms,  and  will  be  mentioned  in  the  account  of  these. 

The  peculiar  form  of  atrophy,  which  differs  from  the  others  in  the 
early  affection  of  the  muscles  supplied  by  the  peroneal  nerve,  is 
separately  described*  and  its  features  are  not  included  in  these 
remarks. 


PSKUDO-HTPBSTBOPHIG     MUSOULAS     PaBA.LT8I8      (LiPOMATOUS 

MUSCULAB   AtKOPHT,  <&C.). 

The  affection  thus  designated  usually  manifests  itself  during  the 
later  developmental  period  of  childhood,  and  clearly  depends  on  a 
morbid  developmental  tendency,  which  is  often  present  in  several 
members  of  the  same  family.  It  is  characteiised  by  a  progressive 
change  in  the  size,  and  diminution  in  the  power,  of  many  muscles. 
The  apparent  cause  of  the  change  has  been  already  mentioned. 

Isolated  cases,  which  can  now  be  recognised  as  examples  of  this 
disease,  were  recorded  in  England  in  1830  (Sir  Charles  Bell)  and  in 
1847  (Partridge),  and  in  Italy  in  1838.  A  series  of  cases  was 
described  by  Meryon  in  1852,  and  Oppenheim  in  1855,  but  enlarge- 
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ment  of  tliemmdetwrns  not  eonspicuous  ill  these.*  Sereral  reiiimxfail>l6 
examples  hmd  aliemdj  come  under  the  notice  of  Ihicli^nDe,  who  wit 
bnej  eiploriog  the  field  of  mnacolmr  pandjeb  with  the  aid  of 
^  localised  electritatioo.''  He  Tecogniied  iu  norel  feslnree.  and  pnb- 
liahed  an  accooDt  of  it  in  1861,  nnderthename bj  which  it  haasinee 
been  generally  known. 

Etioloot. — Our  knowledge  of  the  eaoaes  of  the  dieeaee  is  limited 
to  afew  general  facta.  Males  fnmish  the  majoritj  of  the  eases  ;  thej 
snifer  at  least  four,  and  perhaps  seren  times  as  freqoentlj  as  females. 
In  the  latter,  morooTcr,  the  maladj  is  slighter  in  degree,  later  in 
JcTelopment,  and  less  freqoentlj  causes  death. 

The  disease  occurs  rather  less  commonlj  in  isolated  cases  than  in 
&milj  groups.  The  number  in  a  familj  has  Taried  from  two  to  eight. 
As  manj  as  eight  brothers  suff«^red  and  died  in  the  fsmilj  described 
bj  If erjon,  while  all  the  daughters  escaped.  In  a  fiunilj  known  to 
me,  four  sons  haTe  suffered  and  none  of  the  daughters ;  in  another 
instance  two  daughters  are  affected  and  no  sons.  Thus  there  maj  be 
a  tendencT  in  a  familj  to  the  affection  of  one  sex,  and  not  the  other; 
but,  on  the  other  hand,  children  of  both  sexes  maj  suffer  in  the 
same  farailj.  Iu  manj  instances  in  which  scTeral  members  of  one 
generation  are  affected,  no  antocedent  cases  can  be  traced  in  the  familj ; 
the  maladj,  while  congenitil,  is  not  heroditarj.  In  other  families 
antecedent  cases  can  be  traced,  and  these  are  inrariablj  on  the  mother's 
side.  The  disease  is  thus  transmitted  bj  women  who  are  not  them- 
selves its  suhjects.  In  a  case  in  which  four  brothers  suffered,  the 
mother^s  brother  and  sister  were  likewise  affected.  Again,  a  brother 
and  sister  were  disease<l,  one  daughter  of  a  second  sister,  and  three 
daughters  of  a  third  sister.  In  another  instance,  a  boj  suffered,  and 
his  sister,  unaffected,  had  two  sons  diseased  and  a  daughter  free,  of 
whose  children  two  sons  were  the  subjects  of  the  maladj.  Thus  the 
congenital  teiidencj  is  exclusirelj  due  to  the  maternal  element  in  the 
embryo.  This  is  also  shown  bj  a  fact  manj  times  obserred,  that  the  chiU 
dren  of  the  itame  women,  bj  different  husbands,  suffer  in  the  same  waj. 

Indirect  hereditarj  tendencies,  such  as  are  indicated  bj  the  occur- 
rence of  diseases  of  the  nervous  sjstem.  can  be  traced  so  rarelj  that 
it  is  doubtful  if  thej  haye  anj  iufluence.  Neither  the  age  of 
parents,  nor  their  intemperance,  appears  influential,  and  their  con<- 
sanguinitj  becomes  effective  onlj  when  raised  in  energj  bj  repetition. 
Thus  in  a  familj  known  to  me,  the  intermarriages  during  five  genera- 

*  Xerertbele**,  Merjoii'i  casM  ('  MetL-Chir.  Tnnuu,*  1892)  eertainly  belonged  to 
this  Tmrietjr.  CoQclu.>iTe  proof  of  the  fuct  is  afforded  by  emM«  in  collaterais  which 
have  come  ander  the  writer's  obflerration  io  near  and  di^ttant  brmncbee  of  the  Mmf 
family.  Other  eridence  of  the  fact  is  des<'ribed  in  a  '  Clioical  Lecture  on  PlMndo- 
hypertrophic  ParahsLt'  (Londoo,  Chnrchiil,  1879).  The  chief  literature  is  referreii 
to  in  that  lectnre;  the  nameroos  papers  that  have  spp«>ared  since  hmre  added 
chiefly  to  our  knowIe«i^«  of  the  characters  of  the  allied  forms  of  idiopathic  atrophy, 
&c.,  i«Dd  the  reUtiotu  ot  these  to  the  pseudo-b^pertrupbic  Tariety,  and  are  referred 
CO  OQ  a  hit«;r  pa^e. 
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lions  were  Terj  Dumerous,  and  of  eight  children  in  the  present  family, 
fiTe  are  albinoes,  and  two  of  these  are  the  subjects  of  pseudo-hjper* 
trophic  paralysis. 

The  disease  always  manifests  itself  during  the  period  of  development, 
sometimes  in  the  early  stage  of  growth,  at  the  close  of  infancy,  often 
only  during  mid-childhood,  rarely  not  until  growth  is  nearly  ended* 
In  a  third  of  the  cases,  the  first  symptoms  are  noted  when  the  child 
first  attempts  to  walk,  which  is  usually  a  little  later  than  in  healthy 
children  ;  very  rarely  indeed,  the  child  has  never  walked.  In  about 
another  third  the  child  seems  well  until  it  is  four,  five,  or  six  years 
old,  and  then  impairment  of  power  attracts  attention.  In  three 
quarters  of  the  cases,  the  disease  manifests  itself  before  the  tenth 
year.  Barely,  the  patient  is  conscious  of  no  symptoms  until  after 
puberty,  at  tiie  age  of  eighteen  or  twenty,  but  in  such  apparently  late 
onset,  there  has  been  enlargement  of  muscles  long  before  power 
becomes  impaired,  and  the  disease  began  much  earlier  than  it  seemed 
to  do.  One  patient,  for  instance^  in  whom  weakness  was  only  noticed 
when  she  was  twenty,  had  been  often  **  chafiFed,"  when  a  young  girl  at 
school,  on  account  of  her  **  tea-kettle  calves."  Neither  social  state 
nor  general  constitutional  condition  seems  to  influence  the  occurrence 
of  the  disease,  but  its  manifestation  has  sometimes  been  apparently 
accelerated  by  influences  that  disturb  the  general  health ;  it  has  been 
first  noticed,  for  instance,  during  convalescence  from  some  general 
illness. 

Stxptoics. — Impairment  of  power  usually  attracts  attention  before 
any  change  is  observed  in  the  size  of  the  muscles,  or  if  these  are 
noticed  to  be  large,  it  is  with  feelings  of  parental  pride  rather  than 
with  suspicion,  in  spite  of  the  fact  that  the  children  often  walk 
clumsily,  fall  with  ease,  and  rise  with  difficulty.  The  act  of  going 
upstairs  is  especially  difficult  to  them ;  the  child  has  to  take  hold  of 
the  banisters  and  pull  himself  up. 

The  muscles  may  at  first  present  nothing  unusual,  especially  in  slight 
case.'*,  or  if  the  child  is  fat,  as  is  frequently  the  case.  But  at  the 
age  of  five  or  six  years  an  unuatui*al  enlargement  of  certain  muscles 
is  usually  conspicuous,  especially  when  there  is  a  contrast  between 
these  and  other  muscles  which  are  smalL  If  enlargement  is  almost 
universal,  it  is  usually  great  and  conspicuous.  The  enlarged  muscles 
usually  for  a  time  become  still  larger  in  comparison  with  the  othei-s, 
but  afterwards  they  cease  to  increase  and  ultimately  become  smaller, 
first  relatively  and  then  absolutely.  This  change  occurs  earlier  in 
some  muscles  th^in  in  others,  and  it  may  give  place  to  a  condition  of 
distinct  atrophy. 

Among  muscles  that  are  most  frequently  large,  those  of  the  calf 
take  the  first  place.  They  sometimes  attain  a  remarkable  size.  I  have 
measured  a  calf  14^  inches  in  circumference  in  a  boy  of  twelve.  The 
muscles  in  front  of  the  lower  leg  are  less  frequently  enlarged,  but 
sometimes  project  beyond  the  edge  of  the  tibia.    The  extensors  of  the 


Fioi.  lU  nnd  146.— Two  brotlien,  tigrd  fonr  tnd  t?*cn,  nfferiDg  ftwn 

piaDdo-hjiMrtropbie  pkraljiia. 
PiO.  147. — P>rti«l  BnUrgamciit  of  racial,  tha  *uti  being  ■dmIL 


IcDM  ue  often  big ;  occuionftll;  the  rectos  or  vaatna  intemnt  !■  alona 
inorea«e<l  in  size  (the  rectus  tn  Fig.  147),  and  the  other  part*  toaj  be 
normal  or  anmll ;  lees  freqaentl;  &U  parts  ave  ama.ll.  The  fleion  of  tha 
knee  commonly  escape.  The  glutei  are  f requentlj  conspicuouslj  lai^  t 
the  Sexors  of  the  hip  are,  of  course,  inacceiiBihle  to  olverTatlon,  but 
they  are  usually  feeble,  and  do  doubt  diseased ;  there  is  generallj 
enlargement  of  the  lumbar  muscles,  and  disease  of  &  peculiar  and 
important  character  in  those  of  the  shoulder. 

Of  all  the  muscles  of  the  body,  next  to  those  of  the  calf,  do  one  is 
enlarged  more  frequently  or  in  greater  relative  degree  than  the  infra- 
spinatus. It  often  stands  out  so  conspicuously  that  its  edge  is  apt 
to  be  mistaken  for  that  of  the  scapula  (Figs.  148  and  149).  The 
Btipraspinatus  is  somelimes  also  prominent,  but  its  Gondition  is  usually 
roUL'ealed  by  the  tra|>eit us,  which  is  little  iuTolred.  The  deltoid  is  also 
frequently  liirgo ;  the  sf  rratua  rarely.  The  pectoralis  is  never  enlai^^, 
but,  on  the  otLer  hand,  its  lower  haU  is  wasted  or  absent  (see  p.  518) 
in  a  large  proportion  of  the  cases,  and  with  this  the  Utissiuius doni, 
whii'h  has  I  he  same  action  in  depressing  the  raised  arm  (see  p.  26). 
The  teri'S  m:ijor  may  share  the  wasting  of  the  l&tjssimus. 

Till'  other  muscles  of  the  arm  suffer  in  diininiahiu);  degree  and  fre- 
qui'iioT  frum  above  downwards.     The  triceps  and  biceps  are  aometime* 
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enlarged,  the  former  more  frequently  tbui  the  latter,  but  occasionallj 
only  in  one  part.  Both  these  muBcIea  are  sometimea  wasted.  Tlie 
forearm  muscles  anffer  in 
only  a  email  minority  of 
the  cases,  and  the  intrinBio 
muscleu  of  the  band  usoallj 
escape  altogether. 

This  escape  of  the  intriniio 
muscles  of  the  hand  affords 
a  rerj  marked  contract  ^to 
spinal  muscular  atropbj,  in 
whioh  they  suffer  early ;  bat 


S:- 


Fis.  148.— Ptandn-hypertrophlo  paniTjrik 
AI>t«DM  of  lutluimiu  doral,  «illiirgvniaiit 
Ot  iDlnipinatni.     (From  a  photogmph.) 


Fia.  149.— Waiting  of  Utlwtnu 
doni  and  •errmtn*!  aolMrge. 
meat  ot  infraipiiutiis,  mpni- 
ipiuatnt,  and  deltoidj  atrophy 
of  bicaptaDdtriccpt,  (B;  Dr. 
H.  B.  Spanocr,  from  a  plioto. 
gr«pL.) 


no  rale  is  free  from  exception,  aad  although  the  escape  of  the  handt 
in  the  idiopathic  affections  ia  almost  constant,  it  is  not  quite  invariable ; 
slight  (or  commencing)  implication  of  the  intrinsio  mnacles  has  been 
met  with  in  very  rare  inslauces  that  were  otherwise  typical,*  and  qnite 
distinct  from  the  "peroneal  type"  to  be  presently  mentioned. 

The  mnscles  of  the  neclc  are  very  seldom  affected,  but  I  hare  noted, 
in  a  few  cases,  wasting  of  the  clavicular  part  of  the  stemo-mastoid. 
Those  of  the  face  do  not  suffer  except  in  extremely  rare  cases 
"  X.ff.  Sfacb*.  'Ne*  Totk  NeuroL  Soo,'  Oat.  Bud,  1888)  Baoinler.  'SodvMt. 
Nenrol.  Vernmiiil.,'  Freiburg,  1888.  I  baie  «nM  met  with  wMtiag  of  tlia 
citan*ort  of  both  phalftngei  of  ous  thnmb,  and  snlargemrDt  of  ths  abd.  Indidi  h*i 
been  obfoned  (Ta^lar,  CUn.  8oe.,  April  S4th,  1891).  and  btt;  prawUt  In  ths  tlunar 
bomIm  (B«rs«r, '  Arch,  t,  Pij«li„'  fid,  xW). 


SIO 
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inteniiediate  between  thia  and  the  third  type  (k«  «1>o  Weatphal. 
'Charite  Annalen,'  1887,  lii,  p.  447),  but  ia  the  patieot  ahowo  in 
Fig.  152  there  was  oonaiderable  enlargemeat  of  the  mosBeterB.  The 
tongue  haa  been  IncreMod  in  aize  in  a  few  inatanuea.  The  other 
muflcIeB  supplied  by  the  cranial  nerrea  alwaja  eacape. 

The  diaeaaed  muaclea  are  weak,  bat  the  impairment  of  power  ia  to 
tome  extent  irroDpectiTe  of  the  change  in  aice.     The  musclea  that  are 
abnormally  small  are  generally  weaker  tbau  thoae  tiiat  are  abnormally 
lai^ ;  and  in  the  latter  the  weak- 
ness inoreaaea  with  tbe  waating.   In 
the  legs,  the  greatest  weakneaa  ia  in 
muBclea  thnt  are  inooceaaible  to  ex- 
amination— the  flexors  of  the  hips ; 
next  in  order  of  weakness  come 


FlO.  leO.— Mode  of  obtaiuing  aiteoilon  oTIitpi 
ID  p>«udo-li.v|i«rtrophia  imrilyil*.  F,  ful- 
cTotD  uf  l\\f  lever  (iirmed  bj  the  remur.  P, 
mekn  pntition  >t  which  the  power  ii  applied 
bj  Contnctiiiil  of  the  quadricepi  remorii. 
W,  potiUon  of  waight  in  the  ordinary  modg 
of  riling.  «,  the  plsre  %o  wliicli  part  of 
tile  weight  a  tninffvrred  by  putting  banda 
on  Itneea, 


lO.  ISI. — Mode  of  rialni;  from  the 
■rroond    in    pteodo-bjpertropbia 


the  extenxors  of  tbe  knee,  and  the  eitenaora  of  the  hip.  The  musclea 
b«!ow  the  knee  usually  retain  considerablr  power  for  a  long  time,  and 
the  extensorii  uf  the  ankle  fail  before  tbe  flexors.  In  tbe  upper  limba 
the  de|ir('saora  of  the  arm  are  usually  alone  weakened  during  the  early 
]KTiud  of  tbe  disease,  but  subsequently  tbo  shoulder  muBi^les  suffer, 
tht'Q  the  triceps  and  the  biceps,  while  the  musclea  that  move  the  band 
commoulv  retain  ^ood  power  to  tbe  last. 

The  dislributioii  of  weakness  in  tbe  legs  caaaes  certain  peculiar 
defects  of  movement  which  are  very  character iatic,  and  some  are  e»en 
all  but  patbognumonic  of  the  disease.    The  difficulty  in  going  apataira 


P8EUDO-HYPEBTB0PH10  MUSCULAR  PABALTSIS.  51] 

18  especiallj  due  to  the  weakness  of  the  extensors  of  the  knee  and  hip. 
The  defect  of  the  extensors  of  the  hip  causes  the  gait  to  have  a 
peculiar  oscillating  character,  in  which  the  body  is  so  inclined  as  to 
bring  the  centre  of  gravity  over  each  foot,  on  which  the  patient 
Buccesaivelj  throws  his  weight,  because  the  weak  gluteus  mediua 
cannot  counteract  the  inclination  towards  the  leg  that  is  off  the  ground, 
unless  the  balance  is  exact.  The  greatest  defect,  however,  is  in  the 
power  of  rising  from  the  floor,  and  the  most  characteristic  peculiarity  is 
the  mode  in  which  this  is  achieved,  if  it  be  still  possible,  and  no  objects 
are  near,  by  which  the  patient  can  aid  himself.  He  commonly  has  not 
sufficient  power  to  extend  the  kneee  when  the  weight  of  the  trunk  is 
on  the  upper  extremity  of  the  femur,  which  is  then  a  lever  in  which 
the  power,  applied  between  the  fulcrum  and  the  weight,  acts  at  least 
advantage.  He  therefore  places  his  hands  on  his  knees,  as  in  Fig.  150 ; 
and  his  arms  thus  bring  much  of  the  weight  of  the  upper  part  of  the 
trunk  on  the  femur  close  to  the  fulcrum,  between  this  and  the  power, 
which  can  then  act  at  greater  advantage.  Moreover,  the  mere  weight 
of  the  head,  which  is  in  front  of  the  arms,  tends  to  aid  the  extension. 
This,  indeed,  may  effect  the  extension  of  the  knee  without  the  aid  of 
the  extensor  muscles,  as  anyone  may  ascertain  by  observing  the  mobility 
of  the  patella  in  this  attitude.  When  the  knees  are  extended,  the 
power  of  the  extensors  of  the  hip  may  be  sufficient  to  raise  the  body 
into  the  upright  position,  or  the  patient  may  aid  them  by  an  upward 
push  with  the  hand  as  he  takes  it  off.  If,  however,  these  extensors 
are  weak,  the  hands  are  often  moved  higher  and  higher  up  the  thighs, 
i;ra8ping  alternately,  and  thus  pushing  up  the  trunk.  To  get  thus  the 
requisite  support,  the  knees  must  not  be  quite  extended ;  and  if  their 
extensors  have  no  power,  the  device  cannot  be  employed,  and  the 
patient  is  altogether  unable  to  rise.  In  many  cases,  especially  when 
extension  of  the  hip  is  easy,  the  patient  achieves  the  extension  of  the 
knees  in  another  way  ;  he  puts  the  hands  on  the  ground,  stretches  out 
the  legs  behind  him  fai*  apart,  and  then,  the  chief  weight  of  the  trunk 
resting  on  the  hands,  by  keeping  the  toes  on  the  ground  and  pushing 
the  body  backwards,  he  mana'^es  to  get  the  knees  extended,  until  the 
trunk  is  supported  by  the  hands  and  feet,  all  placed  as  widely  apart 
as  possible  (Fig.  151,  2).  Next  the  hands  are  moved  alternately  along 
the  ground  backwards,  so  as  to  bring  a  larger  portion  of  the  weight 
of  the  trunk  over  the  legs.  Then  one  hand  is  placed  upon  the  knee 
(Fig.  151,  3),  and  a  push  with  this,  and  with  the  other  hand  on  the 
ground,  is  sufficient  to  enable  the  extensors  of  the  hip  to  bring  the 
trunk  into  the  upright  position. 

The  shortening  and  contraction  of  certain  muscles  lead  to  another 
group  of  symptoms,— distortions  due  to  permanent  alteration  in  the 
position  of  joints.  Some  of  those  are  produced,  as  are  distortions  in 
other  forms  of  muscular  weakness,  by  shortening  of  the  less  affected 
opponents  of  the  weaker  muscles.  Thus  the  knee-joints  become  fixed 
by  the  contraction  of  the  flexors,  and  the  elbow  by  the  contraction  of 
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the  biceps  when  the  tricepa  hM  lost  aU  power.  These  controctioni 
uolj  occur  Ute,  and  &re  usually  facilitated  bj  the  habitual  fiexion  of 
the  knee-  and  elbow -jointi.  But  the  defonnitjr  at  the  ankle-joint,  whirh 
results  from  contraction  of  the  calf  muscleB,  oom men ces  earlier,  before 
tiiflir  opponents  are  weak,  and  is  the  result  of  ahorteniag  of  the  muscles. 
As  a  consequence  of  it,  the  patient  cannot  get  the  heels  well  upon  the 
ground,  and  tbe  foot  caunot  be  fleied  passively  bejond  a  right  angk. 
llie  gradual  increaw  of  the  contraction  results  in  consideraljle 
"  talipes  equinus,"  and  as  power  lessens,  the  patient  is  able  to  walk  less, 
ftud  the  coiuequi'nt  loss  of  the  extension  involTed  in  the  act  permits 
a  rapid  increase  in  the  conlrac* 
tioa.  The  feet,  as  Fig.  152 
shows,  soon  assuuie  a  pos- 
ture of  extieme  eitension,  the 
dorsum  being  iu  a  line  with  the 
front  of  the  leg,  or  forming 
with  it  a  convex  curve.  A 
subluxation  of  the  ankle-joint 
takes  place,  and  the  articular 
surface  of  the  astragalus,  its 
anterior  extremitj,  and  that 
of  the  08  calds,  form  three 
prominences  under  the  skin. 
When  this  reversal  of  the 
ankle  occurs,  the  tibialia  antt- 
cus  cau  no  longer  act  as  a 
flexor. 

Another  deformity,  which  ii 
due  chiefly  to  muscular  weak- 
ness, is  curvature  of  the  spine. 
An  antero-posterior  curve, 
with  the  concavity  backwards, 
is  an  early  symptum  of  the 
disease,  and  it  may  becouie 
eitreme.  tbe  upper  part  of  the  trunk  being  carried  so  far  back  that  a 
vertical  line  from  tlie  Bcapula  faUs  an  inch  or  more  behind  the  sacnun. 
It  18  due,  not  to  the  weakness  of  the  trunk  muscles,  but  to  that  of  the 
extensors  of  the  hip,  in  consequence  of  which  the  pel-ria  is  inclined 
forwards,  carrying  with  it  the  lower  lumbar  vertebrw ;  Lonce  the  upper 
part  of  the  trunk  has  to  be  held  far  back  to  keep  the  centre  of  gravity 
of  the  body  over  the  feet  The  proof  of  this  mechanism  ia  that  when 
the  pati«-nt  sits,  and  the  pelvis  is  supported  on  the  ischial  tuberosities, 
tbe  lordosis  disappears.  It  is,  indeed,  replaced  by  an  opposite  curve, 
in  which  the  back  becomes  convex,  clearly  due  to  the  weakness  of  iU 
extensor  niusolea.  This  curve  may  become  very  great,  as  in  the  case 
shown  in  Fi^'.  153.  The  weakness  of  the  spinal  muscles  also  permits 
the  occurri-nco  of  Uteral  curvature   (Fig.  152).  influenced,  io  iU 


Fio.  152.— Lste  itage  of  p»n'1o.lijp«rtn)- 
phio  piinUfiUi  ■  bny  foortarn  je»r«  old. 
witli  mntcnlKr  cnntrmFtion  and  vutiDg, 
tnd  Istenl  carvKturt  of  the  (pine. 
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dtrection,  bj  tho  babitaal  posture  &nd  the  prepoodenuice  of  weakne» 
on  (Hue  side  or  the  other. 


Fia,  153— Lid,  aged  Uttm  j  Ut«  itajte  J  wMting  of 
tbighi  t  inability  to  ut  nprj^ht  in  eoueqiuuGi)  of 
tlw  wnknan  ot  ttae  ifiiul  miucle*. 

e  electric  irritability  of  the  mascles  is  only  aJtered  when  distinct 
I  or  wasting  has  set  in,  when  it  is  lowered  alike  to  fantdina 
Uld  voltaism.     There  is  nerer  an;  trace  of  degenerative  reaction. 

The  knee-jerk  maj  be  at  first  normal,  bat  as  the  ejtonBors  of  the 
knee  become  fe«ble,  it  is  alwajs  lessened  and  groduallj  disappeara.  It 
is  norer  excessive,  and  in  all  advanced  cases  it  ii  lost.  Sensation  is 
nnaffected,  and  so  also  are  the  sphincters  in  the  vaet  majority  of  oBsea. 
Tery  rarelj  there  has  been,  towards  the  end,  a  slight  difficulty  in  the 
retention  or  expulsion  of  urine,  to  be  r^arded,  perhaps,  rather  as  a 
complication  than  as  an  effect  of  the  disease.  All  other  functions  of 
the  nerrous  system  are  commonly  normal,  ioclndiog  those  of  the 
sympathetia.  The  mental  development  of  the  subjects  of  this  disease 
is  generally  beyond  that  of  other  children  of  the  same  age,  doubtless 
on  account  of  the  indirect  influence  of  a  mulady  which  withdraws  them 
from  active  amusements;  mental  defect  is  a  pure  complication. 

The  rate  of  progress  of  the  disease  and  its  duration  vary  much. 
After  some  years.  oTt  iin  between  ten  and  fourteen.  Lhe  power  of  standing 
becomes  lost  in  oonsequenoo  of  the  increasing  weakness  and  the  con- 
traction of  the  calf-muscles.  When  tho  patieat  ceases  to  wal^  the 
muscular  disease  mako:  more  rapid  progress  deformities  become 
^eater,  and  the  patieat  may  become  almost  helpless,  exrapt  in  the 
hands,  and  yet  live  on  for  several  years.  Death  is  Eometimes  due  to 
some  intercurrent  malady,  as  an  acute  specific  disease,  but  generally 
the  lesBened  respiratory  power  censes  come  chest  affection  to  develop, 
or  one  that  should  be  trifling,  to  become  grave.  Life  is  thus  ended  by 
acute  pneumonia  or  bronchitis,  or  by  chronic  lung  disease, — a  form  of 
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pneumoDio  phtbisis  or  broncbo-paeumonia,  wbicb  doTelops  gradiuJlj, 
with  little  febrile  disturbanoe.  There  is  never  sufficient  paraljoa  of 
the  respiratory  muscles  to  cause  death  directly.  The  duration  of  the 
stage  of  helplessness  depends  vexy  much  on  the  care  which  the  patieot 
can  obtain. 

In  the  cases  in  which  muscular  power  remains  good  until  after 
puberty,  the  progress  of  the  disease  is  generally  slow.  The  patient 
may  reach  the  age  of  thirty  before  power  is  much  impaired.  It  is  possible 
that,  in  some  cases,  the  disease  never  attains  a  considerable  degree. 
More  frequently,  however,  after  slight  symptoms  have  lasted  for  some 
years,  a  rapid  increase  occurs,  and  very  few  patients  reach  the  age  of 
forty.  The  course  of  the  disease  is  slower  in  girls  than  in  boys,  and 
females  furnish  a  relatively  large  proportion  of  the  late  cases. 

Varieties. — The  chief  varieties  of  the  disease  depend  on  the  age  at 
which  it  commences,  and  on  the  condition  of  the  muscles,  whether  thev 
are  large  or  small.    In  rare  cases  a  single  muscle  may  be  large,  and 

the  rest  small,  as  in  Fig.  154,  in  which  only  the 
vasti  were  increased  in  size.  Or  everywhere  and 
from  the  first  the  muscles  are  smaller  than  nor- 
mal, and  they  progressively  waste.  Such  cases 
are  not  uncommon  ;  in  the  first  group  of  cases 
described  (by  Meryon),  enlargement  of  muscles 
was  inconspicuous.  Many  cases  in  which  all 
muscles  are  small  belong  properly  to  the  form 
considered  in  the  next  section.  The  cases 
described  by  Meryon  must  be  regarded  as  ex- 
amples of  the  pseudo-hypertrophic  form  (see 
p.  505),  but  thej  present  many  points  of  resem- 
blance to  the  *' simple  atrophy"  described  further 
on. 

Camplicaticne, — Congenital  mental  weakness, 
due  apparently  to  defective  development  of  the 
brain,  sometimes  complicates  pseudo-hjpertrophic 
paralysis.  In  rare  cases  there  have  been  indica* 
tions  of  some  other  morbid  condition  of  the 
central  nervous  system,  such  as  epilepsy.  It 
is  uncertain  in  what  light  the  slight  occasional  affection  of  the 
bladder  is  to  be  regarded,  whether  as  an  invasion  of  the  vesical 
muscles  or  as  a  central  complication,  ^goroux  has  recorded  a  case  in 
which  the  symptoms  of  pseudo-hypertrophic  paralysis  were  combined 
with  the  peculiar  rigidity  of  Thomsen's  disease.  Of  course  the  subjects 
of  the  disease  are  liable,  like  other  children,  to  various  affections  of  the 
nervous  system ;  I  have  seen  both  chorea  and  polio-myelitis  as  merely 
accidental  complications. 

Pathological  Anatomy. — It  is  rare,  at  the  time  of  death,  for  anv 
muscles  to  be  actually  larger  than  natural,  and  most  of  those  that  are 
afiected  are  usually  below  the  normal  size.     They  are  pale  and 


Pio.  IM. — Enlarfre- 
meat  of  the  yaiti 
and  not  of  the 
rectos.  In  this  case 
all  other  muscles 
were  below  normal 
sise. 
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jeUowish  in  colom,  and  often,  to  the  naked  eye,  resemble  perfecUj 
niMsea  of  adipose  liasne.  The  resemblance  u  not  merelj  one  of  aapeot. 
As  seen  under  the  microscope,  it  maj  be  difBonlt  for  tbe  observer  to 
realise  that  he  is  not  looking  at  a  fatty  tumour.  Nothing  maj  be  at 
first  visible  bnt  f  &t<ells,  precisely  like  those  of  adipose  tiBsno.  Among 
the  cells,  howeTer,  are  tracts  of  nucleated  fibrous  tissue,  and  a  closer 
ezaminatioD  of  these  shows  that  the  tracts  contain  also  mnscuUr  fibres 
(Fig.  155).  most  of  them  much  narrower  than  normaL  Thej  arealso 
irregular  in  width ;  a  broad  fibre,  for  instance  (as  is  the  figure),  aud- 
deulj  becoming  narrow. 


■•,  trre^Tirlj  nsr- 
TOwnl  snd  in  put  dcfenented,  lie  among  trsvti  of  oucleUad  Bbrou 
tiHM^  Hpsntcd  b;  sdlposa  tiimw. 

The  fibres  for  the  most  part  preserve  their  transverse  itriation,  but  ' 
where  the;  are  narrowest  this  ma;  have  in  part  disappeared,  either  hj 
granular  degeneration,  or,  more  commonly,  bj  a  simple  fading  of  tbe 
striffi.  In  the  narrowed  fibres  the  stris  are  sometimes  farther  apart 
than  normal.  In  other  parts  broad  fibres  ma;  be  seen,  normal  or 
nearlj  normal  in  aspect  (Fig.  156)  coursing  among  the  fat  cells,  and 
accompanied  b;  a  smaller  amount  of  fibrous  tissue.  Fibres  occasion- 
all;  present  f&tt;  degeneration,  a  longitudinal  etriatiou  or  fiaauring, 
vitreous  ("  wai;  ")  degeneration,  or  vacuolation,  but  these  are  rare.  _ 
3ome  empt;  sarcolemma  sheaths  ma;  be  seen  where  tbe  narrowing  of 
tbe  fibres  ia  greatest.  In  muscles  that  still  preserve  some  red  tint, 
tbe  amount  of  fat  ia  less,  and  there  is  often  a  relativel;  lai^r  amount 
of  interatitial  fibrous  tisane.  Ver;  rarel;,  in  some  part  of  a  muscle, 
there  has  been  onl;  wasting  of  the  fibres,  without  the  interstitial 
change,  present  elsewhere  (Singer,  in  the  triceps). 


518 


BPINAL  COBD. 


In  Mme  of  Uiase  tlie  iiit«ntiti&l  tisBiie  maj  be  almoat  eatirel; 
fibrous,  a  few  fat  celli  only  being  risible  here  and  there.  In  aa^h 
moBclee  it  ia  common  to  find  the  fibres  more  damaged  than  in 
those  in  which  the  growth  is  partlj  fatty.  It  is  cbieflj  in  the  Utter 
that  manj  normal  fibres  are  seen.  Muscular  fibres  larger  than  normal 
are  seldom  found  after  death,  bat  such  fibres  hare  been  seen  in  frag- 
ments remored  during  life  by  excision,  or  b;  a  "  harpooa-trocar ; " 
it  is  possible  that  the  increased  site  was  due  to  a  rital  contraction 
under  the  mechunical  stimulus  inrolred  in  the  extraction,  but  eularg?- 
ment  has  sometimes  seemed  unquestionable  (See  note,  "Muscular 
Hypertrophy  "). 


CM^ 


The  motor  nerrea,  when  examined,  hare  been  found  normal.  The 
condition  of  the  sensory  muscle-nerves  (which  terminate  in  the 
intersUtial  tissue  in  whicli  the  primary  morbid  process  occurs)  has  not 
been  ascertained  in  any  instauce.  The  spinal  cord  has  been  found 
perfectly  normal  in  most  cases  in  which  it  has  been  examined.  In 
a  few  there  ita.ra  been  slight  and  irregular  degeneratire  changes. 
They  have  not  been  so  marked  in  any  other  case  as  in  one  examined 
by  Lockart  Clarke  and  myself,*  but  the  anterior  grey  matter  was 
unaffected,  and  the  changes  were  probably  merely  associated,  and 
not  the  cause  of  the  symptoms.  Hemorrhages  hare  been  occasionally 
found.    Probably  they  hare  occurred  late  in  life  in  the  degenerat«d 

*  '  Hsd.-Oiir.  Trani.,'  rol.  Irii,  p.  E47.  In  thii  cue  tha  cerTicsl  and  doml 
rrgioni  wsre  norinkl,  with  tbe  siceptlan  of  here  knd  thara  alight  sccamalstioui,  >t 
the  bottom  of  the  flMurei,  of  prodnct*  of  degeneration,  probably  derived  from  tba 
perivucnlar  eraaion  oommon  at  all  agea.  At  tbe  laat  dunal  aagment,  bowerer,  tbera 
wsa  aD  ares  of  gnnnlar  diaintegraUon  In  the  inteTmediate  grej  anbatanea  on  each 
aide,  In  front  of  the  poateriot  reaienUr  tract.  Thli  part  waa  nndulj  tranalucent  Tor 
half  a  centimetre  In  vertiral  eitent,  and  in  the  middle  of  thli  area  ths  dliintegratioa 
had  produced  an  setual  caritj,  acroaa  wbich  the  fibrea  for  tha  csrebslUi  taact  na 
onchanged. 
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tinoe.  The  nearog^lul  oelli  h&ve  been  found  increaaed  in  namber, 
and  tho  fibrM  of  the  wbite  aubstance  iuue  beeo  found  irrq^lftriy 
changed,  in  a  few  caaei,  without  any  oouBtancy  in  the  seat  of  the 
alteration. 

Pi.THOLoaT.--The  common  iDtegrit;r  <>'  ^he  anterior  grey  matter  of 
the  cord,  and  eapeciaUj  of  tbe  motor  nerre-cellB,  seema  conclusive  eri- 
denoe  that  the  disease  of  the  muscles  ia  not  due  to  a  primary  lenon  of 
the  apinal  cord.  The  alight  irregular  changes  occaaionaU;  found 
rnn  prohably  conaecutive  to  the  long  inaction  of  the  oord  and 
deformity  of  the  apine.  Pseud o-hyperirophic  paralyaia  is  not  there- 
fore, as  was  at  firat  thought,  merely  a  form  of  spinal  muscular  atrophy 
with  a  special  mnsoalar  change.  The  significance  of  the  pathological 
anatomy  ia-Uiat  the  malady  is  a  primary  disease  of  the  mnsclea, 
MHuisting  in  an  OTergrowth  of  the  interstitial  connective  tiaaue.  in 
which  fat  may  or  may  not  be  deposited,  and  that  the  waating  of  the 
muscular  fibres  is  seooadary  to  the  interstitial  growth.  The  indi- 
cation of  the  conditions  under  which  the  disease  occtira  it  that  the 
disease  ia  congenital,  the  result  of  a  perverted  teiideucy  of  growth, 
inherent  in  the  embryo,  and  derived  from  the  germ  from  which  the 
embryo  proceeds.  In  this  connection  it  is  inatmctiTe  to  note  that 
there  ia  one  form  of  congenital  tumour,  the  atructure  of  which  ia  almost 
exactly  the  same  as  tbat  of  the  muscles  in  pseudo-bypertrophio 
paralysis.     Fig.  157  migbt  be  a  fragment  of  a  mutii;le  iu  t 


FlO.  157. — Sratlon  of  &  mjolipoms  wUch  wnt  *ttac1ied  to  the  iptnal 
cord  ot  ■  man  (ulTeriiig  from  locomotor  ataxj,  for  aom|i>ri*oii  with 
Fig*.  155  and  16$. 


but  it  ia  a  aectlou  of  a  myolipoma,  the  oon^nital  oharaoter  of  which 
ia  emphasised  by  the  fact  that  it  was  attached  to  the  coons  meduUaria 
of  the  spinal  cord  of  a  patient  whose  muscles  were  healthy,  (The 
tumour  is  shown  also  in  Fig.  163).  It  must  have  been  due  to  the 
miapiaoement  of  aome of  the euiLryonal elamenta  from  wtiich  muaonlar 
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tiasae  is  developed,  and  it  shows  that,  from  such  elements,  Um 
stmctnral  ooodition  found  in  pseudo-hjpertiophic  parmljsis  maj  arise. 
The  points  of  chief  importance  in  the  general  pathologj  of  the  disease 
have  been  mentioned  in  the  introductorj  remarks.  The  difficolt 
question  of  the  precise  mechanism  bj  which  the  muscular  fibres 
suffer  must  be  regarded  as  an  open  one.  We  maj  iiffffTimfr  a  defectiye 
Titalitj  in  them,  but  the  conspicuous  lesion  is  the  growth  of  connec- 
tiTe  tissue,  and  bj  this  the  fibres  are  doubtless  damaged,  whether 
hMj  tissue  is  formed  or  not.  Indeed,  the  fibres  seem  to  suffer  more 
when  there  is  onlj  fibrous  tissue  than  when  there  is  the  hkttj  deposit, 
although  it  is  chieflj  the  &t  that  causes  the  enlargement  of  the 
muscles.  There  seems  to  be  a  tendency  to  the  formation  of  fat  in 
the  earlj  stage  of  the  disease,  and  to  its  remoral  in  the  later  stage, 
since  in  the  former  the  muscles  may  often  be  obserred  to  increase 
in  sise,  and  in  the  latter  tbej  become  smaller,  partly  from  some 
removal  of  fat  and  partly  from  the  increasing  atrophy  of  the  muscular 
fibres.  It  is  then  that  the  greatest  impairment  of  power  occors. 
In  the  cases  in  which  the  muscles  are  small  from  the  first,  the 
tendency  to  the  deposit  of  &t  seems  slight,  and  the  condition  is 
an  almost  pure  muscular  sclerosis.  The  late  shortening  which  occurs 
seems  to  be  due  to  the  contraction  of  the  interstitial  fibrous  tissue, 
and  it  often  coincides  with  the  shrinkage  from  the  remoral  of  some  of 
the  fat,  and  the  atrophy  of  the  muscular  fibres. 

If  it  be  true  that  the  latissimos  dorsi  and  lower  half  of  the 
pectoralis  are  sometimes  congenitally  absent  in  psendo-hypertrophie 
paralysis,  the  fact  is  quite  consistent  with  the  explanation  of  the  nature 
of  the  disease  given  above.  These  two  muscles  stand  perhaps  lowest, 
in  functional  importance,  among  the  muscles  of  the  body,  being  used 
chiefly  for  the  rare  depression  of  the  arm  against  a  resistance  (see 
p.  26).  It  is  readily  intellii^ible  that  a  defect  in  the  embryonal  tissue 
of  the  muscular  system  should  be  quantitative  as  well  as  qualitative. 

The  loss  of  the  knee-jerk  is  sufficiently  explained  by  the  lesion  of 
the  muscle*.  A.coording  to  the  theory  that  the  irritability  on  which 
the  jerk  depends  is  due  to  a  muscle-reflex  action,  the  loss  is  readQy 
intoUiirible,  since  the  afferent  impolse  is  due  to  the  stimulation,  by 
tension,  of  the  sensory  mu«cle- nerves,  and  these  end  (or  begin)  in  the 
interstitial  tissue,  which  is  :b^  seat  of  tbe  primary  morbid  process  in 
this  disease.  But  the  wa^^tine  of  the  muscular  fibres  must  also  be 
capable  of  abolishing  the  ki:r«-jerk  when  the  atrophy  reaches  a 
considerable  de^rree,  and  it  is  also  possible  that  the  motor  nerve- 
end*ncs  share  this  structural  dtmuks^.  On  anv  theorv  of  the  nstnre  of 
the  ksee-jrrk.  this  viH  explain  its  'ossl  It  is  only  when  the  muscular 
chsi:^5  L  ^re  sttAined  a  consiierable  degree  that  the  loss  occurs.  The 
fa«rt  theivfore  do>cs  cot,  in  hmeli,  suzs^^  any  lesion  of  the  spinal 
cv'rd.  If  the  ciilAdy  :s  th:2S  oc<e  c^  a  morbid  developmental  tendency, 
h  is  not  surpr.s'rLi:  ihst  a  teciescy  to  analogous  developmental 
should  be  soxetimes  piv^ieai  in  the  nerroos  system,  and  that 
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thus  imbecility  and  epilepsy  on  the  one  hand,  or  albiniBm  on  the  other, 
should  be  occasionally  associated  with  the  disease. 

DiAONOSis. — The  diagnoses  of  the  disease  is  usually  easy,  if  its 
characters  are  known.  The  peculiarity  of  gait  and  the  mode  of  rising 
from  the  floor,  the  age  of  the  patient,  and  the  progressiye  character  of 
the  impairment,  are  in  themselyes  sufficient  to  suggest  the  affection* 
and  examination  reyeals  enlargement  and  often  contraction  of  the  calf • 
muscles,  and  a  change  in  the  size  of  others,  which  confirm  the  diagnosis. 
The  mode  of  rising  is  not  absolutely  pathognomonic,  and  it  has  misled 
CTen  good  observers ;  it  is  occasionally  acquired  in  other  diseases  in 
which  there  is  a  gradual  weakening  of  the  extensors  of  the  hip  and 
knee.  It  is  met  with  equally  in  the  simple  idiopathic  atrophy,  but  is 
so  rare  from  any  other  cause  as  to  be  of  very  great  diagnostic 
suggestiveness. 

Of  the  condition  of  the  muscles,  that  which  is  most  characteristic 
is  the  combination  of  enlargement  of  the  infraspinatus  with  a 
wasting  of  the  latissimus  and  lower  pai-t  of  the  pectoralis.  I  pointed 
out  some  years  ago*  that  this  condition,  which  is  seldom  absent,  is  of 
very  high  diagnostic  importance,  and  subsequent  observations  have 
fully  confirmed  the  opinion.  Next  in  importance  is  the  enlargement 
of  the  calf -muscles,  especially  in  combination  with  contracture  that 
cannot  be  overcome.  In  general,  the  enlargement  and  diminution  of 
neighbouring  muscles  is  very  significant,  but  it  must  be  remembered 
that  they  may  be  gravely  diseased,  and  yet  of  normal  size,  or  from 
the  first  smaller  than  normal.  In  such  cases  they  are  often  hard, 
and  the  distribution  of  the  affection  is  the  same  as  that  of  the  double 
change  in  typical  cases.  Such  cases  illustrate  the  relation  of  this 
form  and  the  simple  atrophy  described  in  the  next  section. 

The  disease  with  which  confusion  is  most  common  is  the  so-called 
'* congenital  spastic  paraplegia"  (p.  441).  Both  diseases  affect 
children ;  in  both  there  are  weakness  of  the  legs  and  contraction  of  the 
calf -muscles,  and  in  both  the  muscles  are  frequently  large.  The  chief 
distinctions  have  been  already  mentioned.  The  most  important  are 
the  preservation  and  excess  of  the  knee-jerk  in  spastic  paraplegia,  the 
tendency  to  spasm  of  the  legs, — the  facts  that  the  contracture  is  active 
and  can  be  overcome,  that  the  patient  does  not  rise  from  the  ground 
in  the  way  peculiar  to  pseudo-hypertrophic  paralysis, — and  the  oppo- 
site tendency  of  the  two  diseases.  Spinal  muscular  atrophy  is  only 
likely  to  be  confused  with  the  simple  atrophy. 

Between  the  two  forms  of  idiopathic  atrophy,  the  distinction  is 
scarcely  one  of  diagnosis  proper ;  it  is  rather  a  question  of  the  category 
in  which  a  case  should  be  placed.  The  most  important  distinction  is 
the  freedom  of  the  calf- muscles  from  enlargement  in  the  atrophic  form. 
The  face  is  not  affected  in  pseudo-hypertrophy  as  it  so  often  is  in 
idiopathic  atrophy,  except  only  in  some  intermediate  instances.  If 
more  than  one  member  of  a  family  is  affected,  some  of  the  sufferers 
*  '  Paeudo-hjpertroi>h:c  Mmeular  PMr»ljiis,'  London,  1879. 
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will  vmaaUj  pratent  dianeterifltk  tTwiprnMi  •!  tfe 

it  rem&rkkble  with  whjKt  oonstaAer  the  two  tjpes  ^eaetallj 

distioct  (see  p.  403). 

Pfeoavora. — In  tUe  eaae  of  aaj  diild  with  poeodo-kjrpcrtiopiue 
pttraljsas.  the  proguooit  it  most  grtTe.  It  it  almost  rerimim  that  each 
rear  will  bring  increaaing  diiakbilitT,  and  that  the  pitiuBt  will  not 
reach  adnli  life.  It  it  onlj  when  the  fliaMte  d^relopt  kle,  and  the 
MjmptumM  do  not  become  oontftdeiable  until  after  twt«^  jean  of  ace, 
that  there  it  a  pottiUlitj  that  the  diaeaae  maj  not  attain  iu  ultimate 
degree*  but  eren  in  toeh  en  tee  this  hope  it  aeldom  naimtd.  In  an? 
eate,  and  at  anj  age,  it  it  unlikelT  that  tike  palicotwill  hwe  more  than 
aeren  jeart  after  the  power  of  ttaading  it  ImI. 

TmMAXMEMr. — At  a  ooogenital  derelopmeotal  auUadT,  peeodo-hjper- 
trophie  panljtit  it  one  of  thote  dieeaeet  in  which  medicine  it  neeet- 
aarilj  powtrriett  to  cope  with  the  feaentiil  elemcstt  of  the  proeen. 
At  maj  be,  therefore,  erpected^  no  drug  baa  beem  found  to  exert  aa 
influenoe  on  the  ooniae  of  the  affection,  ahhoogfa  aoch  norine  Umici 
at  photphomt  ani  aiaenic  hare  been  thoogfat  tometimet  to  retard  for 
a  time  the  progrett  of  the  weakneat.  The  tttmnlation  of  the  motdet  bj 
eleetrieitj  bat  bt9«n  emplojei  and  adrocated^  but,  however  tedolooilj 
emplored.  no  dittinet  reaoit  follow t  the  nee  of  either  f^r^Aimm  or 
▼oltaitm.  It  mott  be  remembered,  moreorer,  that  eleetrieitj  it  a  rerr 
feeble  agent  in  ttimuiatm^  the  growth  of  mofcalar  fibnet,  compared 
with  the  phf  tiological  stimulot  of  roiantair  effort.  Mntcaiar  exeraie 
maj  reaaonablj  be  looked  to  in  order  to  make  up,  in  aome  degree, 
whau  it  lackiug  in  thit  diieaae,  and  doet  teem  to  have  tome  infinenoe 
in  retarding  the  failure  of  power.  It  maj  perhapa  induce  further 
growth,  or  greater  power  in  the  mntcnlar  fibres  that  haTc  not  jet 
tuffered,or  actiullj  sappl'<rti»«nt  the  defectire  trophic  eoergj.  Wheo 
mtiaeolar  exercue  it  ttopprd«  tber^  b  certainlj  a  quicker  failnre  of 
ttrength.  Hen<e  it  u  detrFable:  thait  the  i^atient  thoald  carrj  oat 
carefailj  planiicd  grmrkjutK  exercises,  to  arranged  at  to  call  into 
action  the  mnadet  that  mott  need  help.  TbeiC,  tboroughlj  per- 
tererei  in,  hare  fcemei,  more  than  anj  other  meaot,  to  retard  the 
diieaje.  Although  u^ej  haTc  not  in  anj  caie  arretted  it,  the  trouble 
that  it  neeesaarr  to  arr«n;^  the  m<ctbod  it  certainlj  well  tpent. 
Bobbing  and  mawige  impn>Te  the  circnUtion,  and  tend,  especiall? 
when  combined  with  (AAfire  n^OTrineDU,  to  ktaen  the  tendencj  to 
ma«<cu'.ar  contracuon  AHei  oomeqcient  deformities. 

The  inflaeace  of  m3J>:il&r  ex^rcjc  renders  it  Terj  imfvortant  to 
m^iitAJn  locomotion  at  ioaz  ^t  p*JS4ible.  The  abilitj  to  ttand  and 
valk  it  gent:  nil  J  lo«t,  throi^h  th^  cjotraction  of  the  calf-mutclet, 
some  ihae  beivre  the  moscnlar  w<eakiLTS«  voald  take  the  patient  off  hit 
f«es.  In  men  ea«es«  tier.otomj  cur  restore  the  power  of  walking  for 
s*>me  ▼•ears,  and  wbea  the  eoc^rxk-rtsire  retnmt,  itt  remoral  bat,  a 
•^cocd  time.  enabW  walkiniT  to  l^  restuned.  The  operation  is  tbut 
dutiaetlj  l^entrlicial,  a£<d  ft£r>aid  be  performed  at  toon  at  the  acttial 
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need  for  it  arisea*  and  diTieion  of  the  tendon  is  far  better  tlian  any 
imperfect  substitute. 

During  the  later  stages  of  the  disease  great  care  is  required  to 
presenre  the  patient  from  catarrh,  which  helps  to  excite  the  pulmonary 
mischief  that  so  often  ends  life.  Similar  care  is  also  needed  during 
anj  intercurrent  maladj  which  the  patient  may  contract. 


Simple  Idiopathic  Muscular  Atbopht.* 

The  cases  in  which  there  is  no  muscular  enlargement,  in  which 
wasting  is  manifest  from  the  first  in  the  size  of  the  muscles,  are  much 
more  rare  than  the  pseudo-hjpertrophic  disease.  They  belong  to 
•OTeral  types,  more  or  less  distinct,  of  which  the  most  common  is  that 
to  which  Erb  has  giyen  the  name  of  "juvenile,"  and  of  which  most 
instances  are  probably  the  pseudo-hjpertrophic  disease  without  mus- 
cular enlargement;  others  are  more  special  since  the  lower  leg 
muscles  haye  suffered  but  little.  A.  more  striking  variety  is  that 
which  is  characterised  by  the  affection  of  the  muscles  of  the  face 
in  addition  to  those  of  the  shoulder  girths — the  **  facio-scapulo- 
humeral  type  *'  of  Landouzy  and  Dejerine.  In  a  third  variety  the 
affection  begins  in  the  legs  and  is  peculiarly  slow  in  course.  8ome 
other  types  may  ultimjitely  be  differentiated,  but  it  is  important 
to  recognise  the  fact  that  even  those  that  we  can  now  distinguish,  as 
the  most  pronounced  in  their  features,  do  not  keep  entirely  distinct. 
They  are  connected,  by  intermediate  forms,  not  only  with  each  other* 
but  even  with  the  pseudo-hypertrophic  disease.t  But  these  are  very 
rare ;  as  a  rule  the  two  latter  types  remain  distinct  in  the  families  in 
which  they  occur,  and  this  is  the  justification  for  their  separate 
description.  In  those  families  in  which  simple  muscular  atrophy 
occurs,  however  numerous  the  cases,  however  different  the  distribu- 
tion of  the  disease,  and  however  various  the  ages  at  which  it  begins, 
cases  rarely  present  the  distinctive  characters  of  pseudo-hjpertrophic 
paralysis. 

*  The  moft  important  writings  on  the  lubject  (beddet  thote  tpectally  quoted)  are 
those  of  Duobenne  in  '  Electrisation  Localise '  (p.  GO  of  Poore's  translation,  published 
by  the  New  Sydenham  Society) ;  Barsickow,  *  Inaug.  Dissert.,'  Halle,  1872 ;  Lejden, 
'  Klin.  d.  Ruekenm.  Krank.,'  Bd.  ii,  p.  525 ;  MObius, "  Hered.  Nerreuk.,"  Yolkmann't 
'  Klin.  Vortrigre,'  No.  171 ;  Landonsy  and  D^j^rine,  '  Revue  de  M6d.,'  1885,  pp.  81 
and  251 ;  Murie  and  Ouinon  (a  series  of  cases  obserred  at  the  Salp^tri^re),  ib.,  1885 ; 
Sachs,  *Neir  York  Med.  Joum.,'  Dec.  15th,  1888;  Hitzig,  'Berlin  kUn.  Wochen- 
schr.,'  1888;  Singer,  •  ZeiUcn.  f.  HeUk.,'  Bd.  Tiii.  KspeciaUy  valuable  are  the 
papers  by  Erb,  *  Dent.  ArchiT  f .  kliu.  Med.,'  Bd.  xxxiv,  1884,  and  '  NeuroL  Cen* 
tralbl.,'  July  1st,  1886,  with  numerous  later  writings.  Bibliographical  references, 
Ac,  will  be  found  also  in  Tooth's  'Thesis  on  the  Peroneal  Type,'  and  in  my  Lecture 
on  Pseudo-hypertrophic  Paralysis  (1879),  and  in  Saoh's  article  (loe.  eit.). 

t  J?^.,  ease  described  and  collected  by  Marie  and  Qninon  (loc  cit.),  connecting 
the  psendo-hypertrophie  form  with  both  the  JuTenile  and  the  facial. 
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There  if  less  constant  separation  between  the  simple  "  jaTenile'* 
and  the  facial  forms.  Although  thej  often  keep  distinct,  the  affection 
of  the  face  has  been  abseut  in  a  few  cases  in  a  familj  in  which  it 
was  the  first  part  to  be  affected  in  most  sufferers.  Thus  a  man  with 
simple  atrophy,  beginning  at  fourteen  in  the  shoulder-  and  thigh- 
muscles,  whose  face  was  unaffected,  had  a  daughter  who  began  to 
suffer  at  eleven,  and  in  whom  the  face,  scapular,  and  arm  muscles 
were  involved  *  The  peculiar  "peroneal  type"  is  not  included  in 
this  outline,  and  the  statements  here  made  do  not  apply  to  it. 

Causes. — We  are  able  .to  trace  no  cause  beyond  the  congenital 
tendency,  already  considered,  shown  by  the  occurrence  of  many  cases  in 
the  same  family,  and  in  more  than  one  generation.  In  one  remarkable 
series  recorded  by  Barsickow,  twenty-four  cases  were  distributed 
through  five  generations,  and  the  disease  was  also  traced  through  five 
generations  in  a  group  described  by  Landouzy  and  Dej^rine.  It  is 
very  rare  for  the  disease  to  be  confined  to  one  generation,  far  more 
rare  than  for  pseudo-hype rtrophic  paralysis  to  be  so  confined.  But  as 
in  the  case  of  most  congenital  hereditary  diseases,  cases  that  are 
apparently  isolated  are  occasionally  met  with.  Such  isolated  cases 
are  rare, — more  so,  probably,  than  in  the  pseudo-hyper  trophic  form; 
although  wider  observation  may  show  that  they  are  more  frequent 
than  wo  now  suspect.  In  the  families  of  the  patients  shown  in  Figs. 
158-61  and  162  no  example  of  analogous  disease  could  be  heard  of. 

Both  sezes  suffer;  in  a  few  families,  females  chiefly;  in  others, 
males ;  in  most,  both  have  been  affected.  The  age  at  which  the  disease 
first  manifests  itself  is  extremely  variable.  It  may  begin  as  early  as 
twof  or  three^  and  as  late  as  sixty  years.  But  the  onset  is  seldom 
during  childhood ;  in  the  majority  of  cases  the  disease  shows  itself 
between  fifteen  and  thirty-five;  that  is,  during  the  later  period  of 
growth  and  the  early  period  of  adult  life.  £ven  in  the  same  family, 
the  variations  may  be  extreme ;  in  that  described  by  Barsickow  the 
date  of  the  onset  of  seventeen  cases  was  known,  and  was  as  follows :— > 
in  one  at  12 ;  in  four  between  15  and  20 ;  in  seven  between  20  and  80; 
in  three  between  30  and  40 ;  in  two  after  40.  A  woman,  agod  fifty-two, 
began  to  suffer  at  30,  but  her  son  at  3  years  of  age.§  Sex  has  no 
influence  on  the  date  of  onset,  nor,  as  a  rule,  can  any  relation  be  traced 
between  the  dat<!  and  the  place  at  which  the  wasting  begins.  When  the 
wasting  begins  in  the  face,  the  disease  more  frequently  commences  in 
childhood  than  when  the  first  S}'mi)toms  are  in  the  limbs,  but,  in  some 
instances,  the  atrophy  has  commenced  in  the  face  late  in  life,  and  this 
in  the  same  family  in  which  other  sufferers  have  been  young.  Thus 
in  the  sexual  proclivity,  and  in  the  date  of  onset,  there  is  a  marked 
difference  between   this    form   and  pseudo- hypertrophy  ;  the  latter 

•  Troisier  and  Guinon,  'Rev.  de  M^./  1889,  p.  48.  See  also  Singer,  'Zeit. 
f.  Heilk.,'  vlii,  p.  229. 

t  Kreske,  *  Munch.  Med.  Wochenschr.,*  1886. 

{  Landouzy  and  D^j^rine,  loc.  cit.  |  Ibid. 
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showing  a  Btronger  tendency  to  affect  males,  and  to  manifest  itself  in 
childhood.    The  *' juvenile  *'  form,  as  a  rule,  presents  less  difference. 

As  a  rule,  no  direct  exciting  cause  can  be  traced.  In  a  few  instances 
the  onset  has  succeeded  some  other  morbid  process,  such  as  chlo- 
rosis, acute  disease,  or  rheumatic  affections  due  to  exposure  to  cold ; 
and  the  depression  of  general  health  resulting  from  these  maj  have 
determined  the  time  of  onset,  but  is  not  likelj  to  have  done  more. 
In  other  individuals  of  the  same  families  the  disease  has  developed 
without  the  aid  of  anj  exciting  influence. 

Symptoms. — The  onset  is  always  gradual.  Weakness  and  wasting 
come  on  together,  and  are  noticed  simultaneously,  unless  the  com- 
mencing atrophy  is  concealed  by  subcutaneous  fat.  The  atrophy 
generally  begins  in  the  upper  arm  and  shoulder-muscles,  having,  in 
the  most  common  **  juvenile "  form,  a  similar  distribution  in  these 
parts  to  that  of  pseudo- hypertrophic  paralysis.  In  the  facial  form, 
however,  this  part  usually  suffers  first,  as  in  the  lad  figured  on  p.  406. 
In  rare  cases  the  wasting  not  only  begins  in  the  legs,  but  remains 
limited  or  almost  limited  to  them.  In  the  part  first  affected  the  dis- 
ease slowly  increases,  and  thence  it  usually  spreads.  The  onset  may 
be  symmetrical  on  the  two  sides,  or  one  side  may  suffer  some  time 
before  the  other. 

Of  the  arm-muscles,  the  weakness  and  wasting  are  noticed  first  in 
the  biceps  and  triceps,  and  with  these  the  supinator  longus  often 
suffers.  But  examination  generally  shows  that  the  lower  part  of  the 
pectoralis  and  latissimus  dorsi  are  greatly  wasted,  a  loss  of  which  the 
patient  may  be  little  aware,  on  account  of  the  relative  unimportance  of 
these  muscles.  Sometimes  the  upper  part  of  the  pectora.!s,  and  even 
the  pectoralis  minor,  are  also  affected  (Fig.  159).  The  tendency  to 
atrophy  of  the  lower  part  of  the  pectoralis  and  latissimus  is  a  character 
which,  as  already  stated,  is  common  to  this  disease  and  pseudo- 
hypertrophic paralysis,  but  not  invariable  in  either.  The  deltoids  are 
rarely  involved ;  in  many  cases  they  are  normal ;  sometimes  they 
have  been  thought  to  be  unduly  large ;  in  a  few  instances  they  have 
been  wasted  (Fig.  162).  The  serratus  magnus  is  often  affected 
(Fig.  161),  but  may  escape,  even  in  a  severe  case.  The  supraspinatus 
and  infraspinatus  may  also  suffer,  but  are  often  normal  or  even 
enlarged ;  the  trapezius  and  rhomboids  have  been  affected  in  many 
cases,    sometimes   much  atrophied  (Fig.    161),    especially    in    the 

"  juvenile  "  form. 

The  forearm-muscles  generally  escape,  with  the  exception  of  the 

supinator  longus.     Occasionally  there  has  been  some  weakness  of  the 

long  extensors  or  flexors  of  the  fingers,  with  or  without  slight  visible 

wasting.     In  the  case  mentioned  on  the  next  papre,  the  extensors  of 

the  phalanges  of  the  thumb  were  involved  on  the  lefty  and  the  radial 

extensor  of  the  wrist  on  the  right  side.     Earely  the  forearm-muscles 

have  been  much  atrophied.    In  several  instances  there  has  been  some 

atrophy  of  the  small  muscles  of  the  hands,  the  thenar  and  interosseal 
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muscles,  or  the  interossei  onlj,  as  in  the  case  of  Landouzj  and 
D^jerine;  but  in  the  majority  the  integrity  of  these  muscles  it  a 
marked  feature  of  the  disease,  and  a  contrast  to  the  spinal  form. 

The  affection  of  the  face  is  peculiar.  There  is  commonly  a  failure 
of  the  zygomatic  muscles,  and,  in  consequence,  a  loss  of  the  naso-Iabial 
furrow,  and  a  curious  alteration  in  the  smile ;  instead  of  the  angles  of 
the  mouth  being  drawn  outwards  and  upwards,  they  are  moved 
upwards  by  the  elevators  of  the  upper  lip  and  angle  of  the  mouth. 
The  orbicularis  oris  is  also  affected,  and,  iu  consequence,  the  lips  are 
habitually  separated,  the  lower  lip  projects,  the  patient  cannot 
"  pout,"  and  the  articulation  of  labials  is  imperfect.  The  face  has  a 
dull  expression  and  the  aspect  is  very  peculiar;  it  has  been  termed^ 
by  Landouzj  and  Dejerine,  the  "  myopathic  face."  In  one  case, 
observed  by  them,  the  face  was  unequally  involyed  on  the  two  sides. 
Barely  (as  in  Fig.  159)  the  fro n tales  have  been  involved,  and  the 
orbicularis  palpebrarum  has  been  weak.  Weakness  of  the  eyelids 
was  supposed  to  be  the  cause  of  distinct  exophthalmos  present  in  one 
woman.*  In  the  case  described  by  Krcske,  inability  to  close  the  eves 
was  noted  at  three,  and  at  ten  the  paralysis  of  the  face  was  absolute. 
Wasting  of  the  muscles  may  be  indistinct,  because  the  contour  of  the 
face  is  only  to  a  slight  degree  influenced  by  the  substance  of  the 
muscles.  The  projecting  lower  lip  may,  indeed,  appear  to  bo  thicker 
than  normaL  In  many  cases  the  buccinators  have  been  affected,  in 
some  instances  they  have  been  normal,  and  then  have  drawn  out  the 
angles  of  the  mouth  in  smiling.  The  tongue  has  been  always  un- 
affected, and  so  also  have  the  pharynx,  larvnx,  muscles  of  mastication, 
and  the  ejeball-musclesf 

The  muscles  of  the  spine  have  sometimes  been  normal,  sometimes 

*  Landoazy  and  Dejerine. 

f  In  a  tingalikr  cane  under  my  care  some  years  ago,  an  affection  of  the  facial 
muscles,  similar  to  that  of  idiopathic  muscular  atrophy,  was  associated  with  par^lybii 
of  ocular  mnncles.  The  patient  waa  a  pirl  twenty-seven  years  of  sge ;  there  were  no 
indications  of  syphilis,  nor  could  any  history  of  muscular  atrophy  in  the  family  be 
ascertained.  The  ocular  palsy  commenced  gradually  at  twenty-four,  and  increased 
until  the  movements  of  both  eyes  upward^  of  the  left  eye  inwards,  and  the  right  out- 
wards, were  lost,  and  all  other  movements  were  weakened.  The  eyelids  drooped 
slightly ;  the  internal  ocular  muscles  were  normaL  The  affection  of  the  face  followed 
that  of  the  eyes ;  the  zygomatic  muscles  were  powerleas,  so  that  the  smile  consisted 
only  ill  elevation  of  the  upper  lip ;  the  orbicularis  was  weak.  The  palate,  pharynx, 
and  larynx  were  normal.  The  arms  became  feeble,  and  the  flexors  of  the  hips 
almost  powerless.  There  was  no  visible  change  in  the  nutrition  or  electrical  irrita* 
bility  of  the  muscles;  the  knee-jerk  was  normal.  If  the  case  was  central,  as  it 
appeared  to  be,  the  peculiHr  affection  of  the  lips  and  sygomatica  is  not  confined  to 
idiopathic  muscular  atrophy.  If  the  disease  was  muscular,  the  eyeball- muscles  do 
not  invariably  escape.  With  this  case  may  be  noted  one  recorded  by  Oppenheim 
(*  Charity  Annalen.'  xiii)  as  the  "juvenile"  form,  with  derangement  of  the  lateral 
movement  of  the  eyes,  nystagmus,  and  wme  laryngeal  palsy.  The  shoulder-  and 
thik^h-mnscles  suffered  chiefly,  but,  below  the  knee*  the  peronei — a  noteworthy 
aberration  from  the  typo. 
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ihej  have  been  considerablj  atrophied.*  The  intercostals  are  often 
affected  in  the  later  stages,  but  rarelj  in  extreme  degree.  The 
diaphragm  aUo  sometimes  suffers,  as  in  Uie  case  shown  in  Fig.  158. 
The  abdominal  muscles  have  been  involved  in  only  a  few  instances. 
In  the  legs  the  muscles  most  commonly  affected  are  the  flexors  of  the 
hip,  the  extensors  of  the  knee,  and  less  frequently  the  gluteL  The 
muscles  below  the  knee  have  escaped  in  many  cases ;  when  they  have 
suffered,  the  atrophy  has  often  been  general.  When  the  peroneal  and 
anterior  tibial  muscles  have  been  specially  affected,  as  in  the  case 
shown  in  Fig.  162,  the  case  has  generally  been  of  the  peculiar 
** peroneal"  type  to  be  presently  mentioned,  although  it  is  possible 
that  some  instimces  of  the  kind  are  on  the  borders  of  the  group  now 
under  consideration. 

The  electric  irritability  of  the  affected  muscles  is  usually  lessened 
in  proportion  to  the  wasting,  and  equally  to  both  currents.  Indeed, 
tlie  diminution  seems  sometimes  out  of  proportion  to  the  wasting,  and 
great  when  the  atrophy  ia  slight.  There  is  no  trace  of  degenerative 
reaction,  and  there  is  not  even  the  louger  persistence  of  voltaic  than 
of  faradic  irritability  which  occurs  in  the  more  chronic  cases  of  spinal 
atrophy.  Fibrillation  is  almost  always  absent,  but  not  quite  in- 
Tariably;  hence  its  absence  cannot  be  made  distinctive,  still  less 
its  presence.  Myotatic  irritability  is  lessened  or  lost;  it  is  never 
increased.  Some  shortening  of  muscles  has  been  occasionally  noted* 
frequently  in  the  calf-muscles,  rarely  in  the  biceps. 

All  other  functions  of  the  nervous  system  are  unaffected.  Sensi- 
bility is  normal.  In  a  few  cases  transient  rheumatoid  pains  have 
accompanied  a  rapid  development  of  the  disease  in  the  arms,  but  in 
the  vast  majority  of  cases  the  disease  is  painless.  The  sphincters  are 
unaffected,  and  there  is  no  tendency  to  trophic  or  vaso-motor  dis- 
turbance. 

As  the  muscular  atrophy  progresses,  the  form  of  the  affected  parts 
becomes  changed  just  as  in  spinal  atrophy.  Deformities  may  also 
occur,  chiefly  from  the  shortening  of  less  affected  muscles,  but  these 
rarely  reach  the  considerable  degree  common  in  other  forms  of  muscular 
wasting.  Lordosis  occurs  in  the  upright  posture,  and  is  probably 
due  to  the  same  mechanism  as  in  pseudo-hypertrophic  paralysis, 
ceasing,  as  in  that  disease,  when  the  patient  sits  (compare  Figs.  158 
and  161).  When  the  muscles  of  the  lower  leg  are  involved,  talipes 
may  develop. 

The  course  and  duration  of  the  disease  are  exceedingly  variable. 
The  atrophy  may  remain  limited  to  the  part  in  which  it  begins.  The 
face  alone  has  been  affected  in  some  members  of  a  family,  although  in 
other  members  the  limbs  subsequently  suffered.     In  cases  in  which 

*  Atrophy  beg^n  in  the  back-muAcles  at  forty-four  in  s  ease  recorded  bj  Mnsto 
('  Kit.  Clin.,'  June,  1887),  and  twelve  yean  later  bad  involved  alio  the  legs.  Tb« 
patient's  mother,  two  brothexib  titter,  and  maternal  onde  niffered  in  the  lame  waj 
at  the  tame  aga. 


BPITTAL  OOBO. 

the  wasting  spreails,  years  may  iutei'vene  before  the  extension  takes 
place.  In  one  case,  for  iuslauce,  the  right  arm  became  affected  ftt 
niaeteen.  the  left  at  twenty-fiTa.  the  lega  at  thirty.  Id  another  the 
arms  begiia  to  wuale  at  thirty-five,  power  of  stiuidiDg  vaa  only  loat  at 


Fio.  153. 


1.— I<1bpath<c  mriscular  HtrU|ih;  nlTt'cliiig  tbe  fan.  PE^.  ISA 
iiag  of  ths  deltoid  u|>per-arm  luiuolei  anil  (upinator  Intucnt 
-arin-iuusclei  are  noL  wasted),  uid  ths  rolatioii  ut  tlie  icapala 
f  ths  trapezius  and  rlinioboidi.  Fig.  1G9  ilinwi  the  habLtui.1 
the  fnoe,  and  Fig.  160  tlie  ersHtaat  nonible  luovement  of  the 
ID  c)a<ing  the  e;e<  and  amilint^,  aod  alio  the  wmtiii^  of  ilie 
'i-Corala.  The  ftfinTil  diatributiuu  of  iba  alropbjr  and  projeij- 
t>ul»«reBf^ninFig.  16I.« 


■  The  patient  wis  ■  lad  liiieen  ;ean  or  age.  The  fallowihg  la  an  abstract  of 
tb«  notaa  of  his  case.  In  hi>  family  no  bittorj  of  auj  similar  affection  can  be 
MOertained.  There  is  cani-lusive  evidence  thnt  lie  had  ■  bird  chanLTO  at  tha  agv 
of  three,  follnwed  b;  svcoiidnry  bjaiptoms.  The  musculur  wasting  began  grwluallj 
duriog  childliiHid ;  even  when  ver;  yuunic  there  wai  little  movement  in  the  ra<«,  and 
that  ceased  at  the  age  of  six  or  seren.  Walking  became  dilBciiIt  about  thre«  jtmn 
■go.  The  face  is  aliuoat  motionli-ss :  an  effort  to  smile  oaniea  only  a  jost  perceptible 
movement  of  the  left  cheek,  the  aiuannt  of  which  is  fairly  indicated  by  the  differaata 
between  Figs.  IS!)  and  IGO.  It  ii  accompaiiiud  by  a  dintinot  movement  of  tlia  ean. 
The  lips  are  tali  and  can  be  brought  together,  but  not  shortened.  The  eyelids  canaot 
be  made  to  meet,  even  with  a  strong  effort,  being  then  i  in.  apart.  PorcliMd 
aba»lutcty  miitionlesa.  Eyehalia  promineat,  movem<mt*  normal.  Uaavt-Tt,  Ivnna, 
pbaiyu,  and  hiryux  uuHffL-cted.     la  the  nock  ths  slemu- Uiaataids  are  very  aioul  aut 
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fif  tj-fire,  and  the  patient  lived  till  aeventy-fiTe.  Even  when  the  malady 
begins  in  childhood  its  progress  is  sometimes  tevy  slow.  Thus  in  one 
case  the  affection  of  the  face  was  first  noticed  at  fire,  at  twelve  the 
arms  began  to  suffer,  and  a  few  vears  later 

the  fleiora  ol  the  hip  became  weak,  but  the  Fio.  161. 

patient  was  still  able  to  walk  at  tbe  age  of 
fortj.  The  disease  may  increase  until  deve- 
lopment  is  over  and  then  remain  slationaij, 
aa  in  a  case  in  which,  at  forty-four,  there 
had  been  no  change  since  the  age  of  twenty. 
The  patient's  daughter  was  more  sererely 
affected.*  On  the  other  hand,  the  progress 
tt  tlw  disease  may  be  more  rapid  and  uni- 
Kmni,  uid  the  atrophy  may  reach  its  widest 
distiibution  in  eight  or  ten  years.  In  most. 
oaans.  eren  of  severe  type,  the  wantiog  does 
iMt  become  unirersal,  but  remains  limited  ta 
the  muscles  mentioned  above,  but  occasionally 
hardly  any  muscles  of  tbe  body  may  escape. 

The  duration  of  the  disease  varies  from  ten 
to  fifty  years.  Death  has  never  occurred  as 
the  direct  result  of  tbe  malady.  In  tbe  cases 
of  most  severe  degree  and  rapid  course,  the 
patient  has  usually  died  from  phthisis,  pro- 
bably related  to  the  deficient  breathing  power, 
just  as  in  tbe  sufferers  from  pseudo-bypertro 
phic  paralysis.  In  most  cases,  however,  death 
has  been  due  to  other  maladies,  and  has  not 
been  in  any  degree  tho  consequence  of  the  muscular  disease. 

Patholoqical  Anatomy. — In  general,  the  condition  oE  tbe  mus- 
cular fibres  resembles  that  met  with  in  pseudo- hypertrophic  para- 

Icebla,  th*  omo-hjoidi  larga  nnd  tcroag.  Th«  rollanring  miuclM  Mem  quil«  goat — 
tnpciiiu  (uoept,  perhapi,  a  Uttla  of  the  middle  part  at  tha  right),  rliomboidi. 
deltoid  pectonlet,  Utiuimni  dorti,  Mmti,  bic«p>,  brachialii.  tricepi,  lupiDatoi 
loQgDi.  Tb«  lav.  lag.  lopuln,  aapia-  and  infra-apiaatoi  are  nnaffectsd  ;  the  latter 
it  largo  but  probHbl;  onlj  hypertrophied  from  ovtr-ate.  The  lapinator  longna  i* 
feeble  on  the  left,  poverlew  od  the  right  lide.  The  eztenior*  of  tbe  pbilangea  of 
tha  thamb  are  loet  on  the  left  ilde,  and  the  extenioi'  c>rpi  radialia  on  the  right.  All 
the  otber  foreirni-  and  baad-miuclei  appear  to  be  nnaffected.  Tbe  areeton  of  tbe 
Bjune  are  amall  and  feeble)  intercotali  airing,  diaphragm  poverleaa.  abdominal 
moadea  weak.  In  tbe  legi  the  glutei  and  fleiora  of  tbe  kneei  icem  normal,  tbe  flexor* 
of  the  bipi  weak,  eilenaora  of  the  knee*  amall  and  feeble,  muirlei  of  tbe  lower  leg 
rather  amall  aod  feeble,  but  oulj  the  perouei  are  powerleaa,  right-aogled  oontracture 
pf  ankle-joint  with  tendrney  to  Tanu.  Knee-jerk  abunt.  arcumf.rence  (in 
inebei)  of  opper  arm*  (middle),  B.  5^,  L.  Gi  ;  of  forearm  (maximum),  each  8  j  of 
thigha  (minimnm  2i  inche*  aboie  patella),  E.  101,  !<■  fi|  i  calTai  (maiimnm), 
B.  101,  L.  11.  Electric  irriUbilitj  much  lowered  in  all  affected  mnw;lM  to  aaab 
current;  in  moet,  no  oontmclion  can  be  obtained.  Ben<ation,  the  apbinctcn,  and 
the  Tiiccral  fnnctioui  are  nnaffect«d.  *  Landou^  and  IMjfrine,  loo.  cit. 
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Ijsis,  the  increase  of  intentitial  tissue  being  wanting  eicept  in  those 
cases  that  reallj  belong  to  tbis  form,  but  in  which  the  characteristis 
enlargement  is  absent,  because  no  fat  cells  are  dereloped  in  the  tissue. 
A  multiplication  of  nuclei  is,  howerer,  sometimes  seen.  The  chief 
change  is  sometimes  a  simple  narrowing  of  the  fibres,  with  an  ultimate 
disappearance  of  the  transrerse  striation.  DegeneratiTe  changes  are 
frequently  met  with,  indistinct  striation  or  granular,  fattj,  or  **  waxj  ** 
trausformation  being  seen  here  and  there,  alike  in  narrowed  or 
enlarged  fibres,  and  in  those  that  retain  their  normal  calibre ;  occa- 
sionally fibres  present  longitudinal  striation,  fissuring,  or  Tacuolation ; 
but  in  other  cases,  or  in  some  muscles  (especially  in  the  **  juTenile  ** 
form),  a  remarkable  increase  has  been  found  in  the  size  of  fibres  in 
excised  fragments,*  even  of  muscles  that  are  below  the  normal  size. 
It  seems  to  show  pathological  enlargement,  although  allowance  has 
seldom  been  made  for  the  influence  of  excision,  mentioned  in  the 
chapter  on  Hypertrophy. 

llie  statements  made  regarding  the  spinal  ooid  in  the  pseudo- 
hypertrophic form,  are  strictly  applicable  also  to  this  Tariety.  It  is 
normal  as  a  rule,  to  which  exceptions  are  so  rare  that  they  can  have 
no  relation  to  the  malady,  save  that  of  secondaiy  indirect  consequences. 
The  nenres  also  are  normal,  if  the  cases  are  eliminated  in  which  the 
symptoms  indicate  the  peroneal  form. 

Thus  the  facts  ascertained  regarding  this  type  do  not  suggest  any 
special  addition  to  the  general  conclusions  intimated  in  the  introduc- 
tory paragraphs.  The  affection  appears  to  be  the  result  of  a  primary 
dcTelopmental  tendency,  involving  the  muscular  tissue  only,  and  cannot 
be  regarded  as  a  secondary  result  of  the  interstitial  changes,  ezoept  in 
a  trifling,  occasional,  and  unimportant  degree.  Still  less  is  it  a  conse* 
quence  of  changes  in  the  spinal  cord.  If  it  is  in  any  measure  the  result 
of  failure  in  the  nutrition  of  the  terminal  structures  of  the  nerre-fibres 
(by  which  the  nervous  and  muscular  tissues  are  connected,  and  which  is 
perhaps  to  be  regarded  as  intermediate  between  the  two),  the  fact  has 
yet  to  be  demonstrated,  and  its  significance  ascertained. 

DiAOKOsis. — The  two  most  important  diagnostic  indications  are  the 
affection  of  more  than  one  member  of  the  same  family,  and  the  onset 
of  the  disease  before  adult  life  is  reached.  The  former  is  practically 
conclusive ;  and  the  latter  should  always  suggest  the  probable  idiopathic 
nature  of  the  case.  In  isolated  cases  the  diagnostic  difficulty  is  much 
greater,  and  no  indication  is  actually  conclusive,  except,  perhaps,  the 
affection  of  the  face.  Oommencement  during  childhood  is  also  of  great 
weight.  It  is  most  unlikely  that  progressive  muscular  atrophy, 
beginning  under  ten,  is  of  spinal  origin,  but  I  have  known  such 
atrophy,  certainly  spinal,  to  commence  at  the  age  of  fourteen.  The 
peculiar  affection  of  the  zygomatic  muscles  is  very  characteristic,  but 
we  cannot  yet  say  that  it  is  pathognomonic  (see  note  on  p.  405),  and 

*  See  eip«>ciiilly  Schnlze,  '  Ueber  den  mit  Hjpeitropbie  vtrbimdcnea  Muk^ 
tchwand,'  Wiesbaden,  1886,  and  Hitiig,  loc.  dt. 
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the  affection  of  the  lips  must  be  carefully  distinguished  from  that  due 
to  the  bulbar  palsj  so  oommoDly  associated  with  spinal  atrophy.  Of 
the  distribution  of  the  wasting,  that  of  the  latissimus  and  lower  half 
of  the  pectoralis,  and  the  escape  of  the  hand-muscles,  are  the  most 
important  characteristics,  although  thej  are  not,  by  themselves,  con- 
clusive, since  they  are  sometimes  met  with  in  spinal  atrophy. 

But  the  most  important  distinctions  between  spinal  and  idiopathic 
atrophy,  whenever  they  are  available,  depend  upon  the  symptoms  of 
a  lesion  of  the  cord,  or  of  the  bulbar  nuclei  Especially  significant 
is  the  excess  of  the  knee-jerk  which  results  from  lateral  sclerosis,  a 
conclusive  indication  of  spinal  disease,  rendering  the  spinal  origin  of 
the  atrophy  all  but  certain.  The  distinction  from  the  pseudo-hyper- 
trophic  form  has  been  already  considered ;  that  from  the  peroneal  type 
will  be  presently  mentioned. 

Pboonosis. — The  extreme  variations  in  the  course  of  the  disease 
render  the  prognosis  in  any  individual  case  both  uncertain  and 
difficult  to  formulate.  Speaking  generally,  chronicity  favours  arrest, 
and  the  later  the  symptoms  appear,  the  slower  will  be  their  progress. 
The  prognosis  is  distinctly  less  grave  in  the  simple  atrophy  than  in  the 
"juvenile  "  atrophic  variety  of  the  pseudo-hypertrophic  disease,  and  in 
a  considerable  number  of  cases,  perhaps  one  half,  the  malady  has  not 
appeared  to  shorten  life.  Even  in  cases  that  begin  during  youth  it  is 
therefore  possible  that  the  patient  may  reach  old  age.  It  seems  also 
to  be  better  in  the  cases  that  do  not  involve  the  facial  muscles. 

TRXATMSin. — It  is  not  yet  clear  that  idiopathic  muscular  atrophy 
can  be  influenced  by  treatment  in  any  considerable  degree.  Most 
published  records  of  cases  are  almost  silent  on  the  subject,  and  the 
disease  is  so  rare  that  few  individuals  have  an  opportunity  of  forming 
an  opinion.  It  might  be  assumed  that  the  essential  cause  of  the 
disease,  a  congenital  tendency,  withdraws  it  from  the  range  of  thera- 
peutics, but  the  course  of  the  malady  is  very  different  from  that  of 
some  other  diseases  which  own  a  similar  cause.  The  extreme  varia- 
tions in  the  date  of  onset,  the  fact  that  the  disease  may  not  be  mani- 
fested until  late  in  life,  and  the  long  period  that  may  intervene  between 
its  onset  and  extension,  all  suggest  that  other  influences  co-operate 
with  the  congenital  tendency  in  determining  the  development  of  the 
malady.  It  is  quite  possible,  therefore,  that  the  first  inference  from  the 
history  of  the  disease  may  not  be  altogether  correct,  although  it  must 
be  admitted  that  we  have  not  as  yet  any  evidence  that  the  disease 
is  susceptible  of  influence  from  drugs.  Electrical  treatment  and  mas- 
sage have  been  thought  to  do  good  and  even  to  produce  arrest  (Erb), 
but  the  variable  tendency  of  the  malady  renders  the  evidence  of  arrest 
insufficient.  If  voluntary  exercise  is  practicable,  this  is  a  far  more 
efficient  stimulus  to  muscular  growth  than  any  electrical  application, 
and  it  is  probable  that  such  exercise,  carefully  persevered  in,  may  do 
something  to  prevent  the  occurrence  of  the  malady  in  those  pre- 
disposed to  it,  and  even  to  retard  its  progress  in  those  who  are 
VOL.   I.  34 
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alreadj  attacked.  In  this  connectiou  it  is  noteworthj  that  rerj  few 
of  the  sufferers  have  been  engaged  in  occupations  that  involve  active 
muscular  exertion*  Over-exertion  should,  however,  be  carefullj 
avoided.  The  general  health  should  be  attended  to»  and  anv  defect 
removed  as  speedily  as  possible,  both  in  those  who  suffer  and  in  those 
who  are  related  to  sufferers,  since,  as  we  have  seen,  depressing 
influences  maj  apparently  excite  the  development  of  the  disease,  and 
it  is  therefore  reasonable  to  suppose  that  thej  may  accelerate  its 
course,  and  lessen  any  tendency  there  may  be  for  the  morbid  process 
to  become  stationary. 


The  Peuoneal  Type  of  Family  Amyotrophy. 

The  name  "  peroneal  type "  has  become  current  as  the  most  con- 
venient designation  for  the  variety  of  muscular  atrophy,  occurring  iu 
early  life,  to  which  it  was  applied  by  Dr.  Howard  Tooth  in  a  Thesis 
published  in  1886.*  This  was  the  means  of  calling  general  attention 
to  the  form,  of  which,  however,  an  account  had  been  published 
shortly  before  by  Charcot  and  Marie,t  Aod  many  cases  had  been  pre- 
viously described,  in  most  instances  without  recognition  of  their  special 
character,  t  The  cases  of  this  form  present  certain  resemblances  to 
the  idiopathic  atrophies  just  described — resemblances  sufficientlj 
important  to  have  led  to  the  description  of  these  cases  in  association 
with  the  primary  myopathy,  embracing,  as  they  do,  the  age  of  the 
sufferers,  the  occurrence  of  the  disease  in  members  of  the  same  family, 
its  gradual  onset,  and  its  very  slow  but  progressive  course.  Yet  this 
position  must  be  regarded  as  provisional  only,  and  probably  erroneous. 
The  distribution  of  the  wasting  involves  a  constant  difference  from 
the  idiopathic  muscular  affections,  and  some  of  the  cases,  otherwise 
inseparable  from  the  rest,  present  features  that  indicate  neuritis.  The 
disease  may  have,  as  an  antecedent,  an  acute  specific  disease — a  circum- 
stance that  has  the  same  significance.  The  facts  ascertained  con- 
cerning this  form  must,  therefore,  be  carefully  excluded  from  our 
generalisation  regarding  the  idiopathic  atrophy. 

In  this  form,  males  suffer  about  twice  as  frequently  as  females. 
It  generally  begins  in  the  second  half  of  childhood,  and  rery  seldom 
after  twenty,  although  cases  have  been  described  beginning  as  late 
as  forty.  It  is  occasionally  hereditary,  and  still  more  frequently 
collaterals  suffer,  several  brothers  and  sisters  being  affected.  The 
wasting  is  first  apparent  in  the  extensor  longus  pollicis,  or  extensor 
communis  digitorum,  or  in  the  peronei  muscles.  According  to  Tooth, 
it  very  of  teu  begins  in  the  latter,  and  occasionally  in  the  gastrocnemius, 

*  *  The  Peroneal  Type  of  ProgreMive  Muscular  Atrophy,'  London,  Lewii,  1886. 
t  '  Revue  de  M^,'  1886,  p.  97. 

{  By   Friedreich,  Eichhorst,  Oppenheimer,   Ormerod,  and   othera.     A  table  of 
thirty  collected  caaee  (some  doubtful)  U  given  by  Tooth. 
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but  it  18  probable  that  it  occurs  Bimultaneouslj,  or  even  earlier,  in  the 
small  muscles  of  the  foot,  where  it  readily  escapes  obsenution.  Such 
early  atrophy  in  the  feet  has,  indeed,  been  actually  found  in  some  cases 
that  came  under  observation  at  an  early  stage.*  The  calf-muscles 
suffer  subsequently,  and  still  later  those  of  the  thigh,  especially 
the  Tastus  internus.  The  unequal  affection  of  the  muscles  of  the 
leg  causes  the  early  development  of  club-foot,  which,  especially  in 
children,  becomes  a  characteristic  symptom.f  The  arms  are  only 
invaded,  in  most  cases,  some  years  after  the  leg^,  so  slow  is  the  course 
of  the  disease.  The  intrinsic  muscles  of  the  hands  (thenar,  hypo- 
thenar,  and  interosseal  muscles)  are  first  attacked,  and  subsequently 
those  of  the  forearm;  sometimes  the  extensors  and  sometimes  the 
flexors  suffer  first  and  most;  while  the  supinator  longus  remains 
normal,  and  so  do  the  muscles  of  the  shoulder,  neck,  back,  and  face. 
The  atrophy  is  often  symmetrical,  but  occasionally  the  muscles  on  one 
side  waste  first  and  most.  The  claw-like  deformity  of  the  fingers  may 
result  from  the  affection  of  the  intrinsic  muscles  of  the  hand.  This 
is  so  rare  in  early  life  from  any  other  cause,  that  its  significance  is 
considerable,  and  almost  distinctive  when  combined  with  the  deformity 
of  the  feet  just  mentioned.  The  case  shown  in  Fig.  162  was  probably 
an  example  of  this  type;^ 


PiO.  162. — Advanced  muscnlar  atrophy,  probably  of  the  "  peroneal  type." 
(Drawn  by  Dr.  Spencer,  from  a  photograph.) 

The  affected  muscles  (especially  in  the  hand)  occasionally  present 
slight  fibrillation.     Their  electric  irritability  is  diminished  sooner,  and 

•  Hoffmann,  *  Arch.  f.  Paych.,'  xx,  p.  660;  Joffroy, '  Qax.  Hebd.,'  1886,  No.  18. 

t  See  Sachi,  *  Brain/  Winter  part,  1889. 

X  It  was  given  in  the  last  edition  at  an  example  of  simple  atrophy.  The  paUent 
was  a  man  aged  twenty-seren  at  the  time  of  his  death  (in  Unirersity  College 
Hospital).  No  history  of  any  analogous  case  in  hb  family  could  be  ascertained. 
The  affection  began  at  the  age  of  fourteen,  when  his  feet  began  to  turn  in  so  that 
he  walked  on  the  outer  side  of  the  foot,  and  soon  he  noticed  gradual  wasting  of 
the  legs,  which  slowly  progressed,  and  about  the  age  of  twenty-four  the  arms  also 
began  to  suffer.  When  first  seen,  a  few  months  before  his  death,  the  muscular 
atrophy  was  nnirersal,  and  the  subcutaneous  fat  had  also  disappeared.  Even  the 
hands  were  greatly  wasted;  there  was  a  hollow  in  the  position  of  the  thenar 
eminence,  just  as  in  progressire  muscular  atrophy,  and  the  interosseal  muscles  were 
also  greatly  wasted.  There  was  slight  fibrillation.  The  intercostals  were  paralysed. 
The  wasting  of  the  legs  was  extreme ;  the  maximum  circumference  of  the  calf  wm 


&32  SPINAL   COBD. 

in  gntkter  degree,  tbAB  in  the  ordiiuifj  idiopatliie  atropbr,  wliile  a  still 
gr (rater  difference  is  presented  bj  the  fact  that  faradicinitabtlitjmaj 
earl?  become  extinct,  and  tbat  there  mar  be  a  distinct  reaction  of 
deg*fneration.  In  connection  with  this,  should  be  noted  the  important 
fact  tbat  cntaneons  sensibilitj,  though  often  normal,  is  sometimes 
impaired  or  loat,  especially  orer  the  region  in  which  the  atrophy  is 
greatest,  or  upon  the  soles  of  the  feet.  Pains  occnr  in  some  cases, 
and  so  also  do  spontaneous  spasmodic  contractions,  especially  in  the 
moscies  of  the  thigh.  The  muscle- n-fiex  action  is  lessened  or  lost  in 
the  affected  regions,  but  there  may  be  extensive  atrophy  below  the 
knees,  without  loss  of  the  knee-jerk,  if  the  thigh-muscles  are  pre- 
serred.  Cutaneous  reflex  action  presents  considerable  Tariations,  and 
is  preserred  more  often  than  would  be  expected.  Vaso-motor  dis- 
turbance sometimes  occurs  (Sachs). 

The  nature  of  these  cases  has  still  to  be  demonstrated.  Their  veiy 
slow  course,  the  time  of  life  at  which  they  begin,  and  the  affection  of 
sereral  meml>ers  of  the  same  family,  are  features  analogous  to  the 
idiopathic  atrophy,  but  a  marked  contrast  to  this  is  presented  by  the 
tendency  of  the  malady  to  succeed  an  acute  specific  disease,  measles, 
and  this  also  may  appear  as  a  family  tendency.  This  feature  re- 
sembles the  causation  of  multiple  neuritis,  and  the  electrical  reaction 
of  degeneration  is  conclusive  proof  of  preponderant  changes  in  the 
motor  nerYes,  while  anaesthesia  demonstrates  that,  in  some  cases,  the 
sensory  fibres  are  also  afiected.  In  such  case?,  a  peripheral  neuritis, 
motor  or  total,  of  extremely  chronic  course  and  {>eculiar  origin,  must 
be  reoognisi'd  as  the  only  poshible  lesion,  and  it  was  actually  found, 
in  one  case,  by  Friedreich,  and  in  another  by  Gombault.  If  this  is 
the  cause  of  the  symptoms  in  some  instances,  the  question  arises 
whether  it  is  not  the  lesion  in  all  the  cases  of  this  peroneal  type. 
Such  a  lesion  is  conceivable;  the  degenerative  form  of  neuritis 
presents  every  degree  of  chroiiicity,  and  may  be  limited  to  the  motor 
fibres  and  to  certain  muscles.  This  pathology  was  advocated,  as  the 
probable  one,  by  Tooth,  who  pointed  out  that  it  would  also  enable  us 
to  understand  the  occurrence  of  fibrillation,  which  is  extremely  rare 
in  the  idiopathic  atrophies.  It  is,  indeed,  asserted  by  Hoffmann  that 
not  only  are  the  peripheral  nerve-fibres  the  seat  of  a  primary  degene- 
ration, but  that  this  change  ascends  the  nerves  to  the  anterior  and 
posterior  roots,  and  involves,  in  a  secondary  manner,  the  elements  of 
the  spinal  cord,  es{>ecially  the  fibres  of  the  posterior  median  columns 
(which  continue  the  path  from  the  muscles)  and  the  motor  cells  of 
the  anterior  cornua.     But  we  do  not  know  how  far  the  premature 

only  seven  inches ;  the  feet  were  everted,  the  sole  hollowed,  and  the  toes  flexed.  The 
pntient  (heti  from  diarrhoea.  The  niQKcles  were  found  to  be  pmall  and  pnle.  The 
chief  nucroscopicHl  change  was  inten^^e  granular  and  fatty  degeneration  of  the  flhrea. 
A  very  few  normal  fibres  were  Peen  in  some  muscles.  There  was  no  increa»e  of 
inter«tiiial  tinsui*.  Microscopical  exMrnination  revealed  no  morbid  changes  in  the 
spinal  coid.     The  nerTea,  unfortunately,  were  not  examined* 
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failure  of  nutrition  is  a  secondary  process,  transmitted  from  below, 
or  how  far  it  is  the  result  of  a  defect  in  vital  energy,  shared  by  the 
central  as  well  as  the  peripheral  nerve  elements. 

The  intimate  relation  between  the  motor  nerves  and  the  muscular 
fibres  should  also  be  kept  in  view  in  this  connection.  There  may 
lie  a  morbid  tendency  in  the  nerves  similar  to  that  of  the  muscles, 
including  a  liability  to  early  slow  degeneration,  analogous  to  that 
which  the  muscles  present,  and  equally  prone  to  occur  in  several 
members  of  a  family.  But  it  is  desirable  that  the  neuritic 
nature  of  the  affection  should  be  placed  on  a  broader  basis  of 
ascertained  fact  before  it  is  allowed  expression  in  the  uame  given  to 
the  disease. 

It  should  also  be  remembered  as  possible  that  the  atrophy  may  be 
idiopathic  in  some  cases,  while  in  others  it  may  be  secondary  to  such  a 
neuritis  as  above  mentioned.  There  is  nothing  difficult,  or  even  anoma- 
lous, in  the  conception  of  a  congenital  tendency  to  premature  failure 
of  nutrition  in  the  peripheral  nerve  fibres,  like  tbat  which,  in  the  pyra- 
midal fibres,  seems  to  underlie  "hereditary  ataxy,"  or  which,  on  the 
other  hand,  in  the  muscles,  is  the  apparent  cause  of  idiopathic  atrophy. 
Further,  if  the  lesion  is  really  neuritic,  we  can  understand  that  an  acute 
specific  disease  like  measles  should  occasionally  be  its  excitant,  although 
its  occurrence  in  families  shows  that  a  congenital  tendency  must  be 
called  into  activity  by  the  virus,  and  the  cases  must  be  distinguished  from 
those  in  which  a  pure  neuritis  is  induced  by  the  influence  of  the  poison 
of  the  specific  disease.  An  acute  specific  disease,  the  virus  of  which 
is  known  to  be  capable  of  inducing  the  degeneration  of  "  parenchyma- 
tous *'  neuritis,  may  readily  excite  this  state  in  each  of  several  mem- 
bers of  the  same  family,  if  a  congenital  tendency  to  it  exists  in  them. 
It  may  readily  evoke  that  which  it  could,  even  alone,  produce.  Ac- 
cording to  this  theory,  a  tendency  to  nerve  degeneration,  acting  alone, 
may  lead  to  the  early  failure  of  nutrition  of  the  nerves,  while  the 
wasting  of  their  muscular  fibres  may  be  either  a  consequence  or  a 
concomitant,  in  part  or  altogether.  Thus,  the  muscles  may  atrophy 
because  the  nerves  have  degenerated,  or  because  they  also  have  a 
tendency  to  atrophy,  or  from  both  causes  combined.  Nerve  and 
muscle  may  alike  share  the  congenital  imperfection  in  some  cases, 
while  in  others  its  primary  incidence  is  on  the  nerves  alone,  the 
muscles  suffering  in  consequence  of  the  changes  in  the  nerves.  The 
congenital  association  may  sometimes  be  even  more  extensive,  and  a 
tendency  to  the  early  failure  of  structures  in  the  central  nervous 
system  may  be  conjoined,  giving  rise  to  cases  of  complex  aspect  and 
character. 

It  is  especially  important  to  note,  in  this  connection,  the  occurrence 
of  cases  tbat  occupy  an  intermediate  position,  and  combine  the 
characters  of  this  and  the  myopathic  types.  Such  combined  cases  are 
usually  partial  only,  but  such  partial  cases,  when  combined,  ultimately 
cover  the  whole  intermediate  ground*    For  instance,  the  condition  of 
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the  legs  in  tbe  **  peroneal  type  "  has  coexisted  with  that  of  the  anni 
in  the  "juvenile  form  "  in  several  recorded  cases.* 

Thus,  the  possibilitj  most  be  recognised  that  the  cases  of  this  tjpe 
▼arj,  even  more  than  their  characters  suggest,  in  the  degree  in  which 
the  morbid  tendency  acts  upon  nenre  or  mnscle,  or  both,  as  well  as 
the  degree  in  which  its  activity  is  spontaneous  or  induced.  Hence, 
the  cases  may  here  be  only  partly  out  of  place,  some  perhaps  not  at 
all ;  and  their  position,  as  forms  of  '*  neuritis,"  might  be  equally  open 
to  exception. 

The  progressive  character  of  the  cases  of  this  type  is  commoDly 
pronounced,  and,  even  if  slow,  it  renders  the  prognosis  gloomy,  and 
the  scope  for  treatment  small.  So  far  as  anything  can  be  done,  it  is 
by  the  measures  already  mentioned  in  the  aoconnt  of  the  treatment  of 
the  maladies  to  which  the  cases  approximate,  the  primary  disease  of 
the  nerves  on  the  one  hand,  and  of  the  muscles  on  the  other. 


MUSOTTLAB   HtPSBTBOPHT. 

The  occurrence  of  a  true  hypertrophy  of  muscles,  as  a  condition  of 
disease,  is  exceedingly  rare.  In  most  cases  in  which  the  muscles  are 
enlarged,  the  increase  in  size  is  due  to  a  growth  of  interstitial  tissue, 
fatty  or  fibrous,  such  as  has  been  described  in  the  cliapter  on  pseudo- 
hypertrophic paralysis.  We  have  seen  that  muscular  fibres  larger 
than  normal  have  been  described  in  that  disease,  and  also  in  some 
cases  of  simple  atrophy.  When  this  increase  in  size  has  been  met 
with  only  in  excised  fragments,  it  is  possible  that  the  condition  may 
have  been  due  to  a  vital  contraction  excited  by  the  process  of  excision, 
and  such  evidence  of  hypertrophy  is  certainly  inadequate  ;t  only  when 
it  is  found  after  death,  can  its  occurrence  be  regarded  as  beyond  ques- 
tion. Nevertheless,  true  hypertrophy  of  fibres  is  a  change  that  may 
be  expected  to  be  occasionally  met  with  in  cases  that  are  due  to  a  con- 
genital  tendency,  and  its  presence,  even  in  muscles  that  are  the  seat 
of  atrophy,  need,  therefore,  excite  no  surprise.    It  was  met  with  by 

•  E,ff.  by  HofFmann, '  Berlin,  klin.  Wochengchr,'  1887,  No.  22;  and  Eisenlobr, 
'Neur.  Ceiitralbl./  1889,  p.  665. 

t  Since  the  above  was  written,  tbe  donbt  there  expressed  has  been  confirmed  by 
an  observation  made  for  me  by  Dr.  H.  R.  Spencer.  A  frns^ment  of  the  ga»trocnemias 
of  an  amputated  leg  wai  excised  immediately  after  the  amputation,  and  tbe  fibres 
were  compared  with  those  of  the  mufcle  twenty-one  hours  later.  In  order  to 
ascertain  more  definitely  whether  a  vital  contraction  persisted  aa  an  apparent 
increase  in  size,  a  part  of  the  exiiKcd  fragment  was  separated  and  faradiaed.  The 
average  size  of  the  fibres  in  the  muscle  was  y^  inch,  in  the  fragment  exdted 
j^j  inch,  in  the  frap^ment  faradised  j|y.  inch.  Since  the  division  of  the  nervs 
during  the  amputation  may  have  caused  some  contraction,  it  is  poedble  that  the 
difference  in  size  produced  by  excision  may  be  even  greater  than  these  flgnrsi 
represent.  [I  leave  the  above  note  unchanged  becaose,  since  it  appeared  in  the  first 
edition,  the  observation  and  doubt  have  been  fully  confirmed  by  various  obserrart, 
e.lf,  by  Oppenheim  and  Siemerling.  'Med.  CentralbL,'  1889,  No.  89.] 
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Bruck  Id  a  remarkable  case  of  general  mascular  enlargement  in  an 
idiotic  child,  in  whom  it  apparently  developed  after  birth.  The  affec- 
tion first  showed  itself  in  the  tongue,  but  the  muscles  presented 
spasmodic  contractions,  and  the  case,  like  most  of  the  kind,  was 
evidently  anomalous  in  its  features.  Muscular  hypertrophy  has 
been  found  in  the  singular  malady  described  in  the  next  sec- 
tion (Thomsen*s  disease).  It  has  also  been  met  with,  in  very  rare 
instances,  as  a  widespread  or  partial  condition,  usually  associated, 
strange  to  say.  with  either  diminished  power  or  with  a  morbid  readi- 
ness of  fatigue.*  The  muscles  most  frequently  affected  have  been 
those  of  the  shoulder  and  upper  arm,  or  of  the  thigh  and  calf,  on 
one  side  or  on  both.  It  has  also  been  observed  in  the  glutei,  spinal 
muscles,  and  trapezii.  The  causes  are  obscure,  but  it  has  been 
ascribed  to  over-exertioii.  The  diameter  of  the  fibres  has  been  increased 
to  double  the  normal,  a  maximum  of  y^th  inch  having  been  met  with 
(Eulenberg),  whereas  the  normal  maximum  may  be  taken  as  ^^th 
inch.  An  increase  of  the  nuclei  has  been  observed,  without  any  over- 
growth of  the  interstitial  tissue. 

The  condition  is  manifested  by  an  increase  in  the  size  of  the 
muscles,  which  are  also  firm.  The  circumference  of  the  limb  is 
greater  than  normal,  and  when  the  change  is  unilateral,  the  difference 
between  the  limbs  of  the  two  sides  may  be  very  striking.  The 
maximum  circumference  of  the  calf  has  been  as  much  as  seventeen 
inches.  The  muscles  are  soon  exhausted,  and  have  been  weak  in 
some  cases,  while  in  others  there  has  been  abnormal  strength  for  brief 
exertion.  The  electrical,  mechanical,  and  myotatic  irritability  of  the 
muscles  has  usually  been  found  unaltered. 

The  disease  may  be  suspected  if  a  marked  increase  ia  size  in  an 
adidt  is  accompanied  by  impaired  power  of  sustained  exertion ;  if  the 
muscles  are  firm,  and  the  patient  does  not  manifest  other  indications 
of  pseudo-hvpertrophio  paralysis.  The  diagnosis  can,  however,  only 
be  made  with  certainty  by  the  microscopical  examination  of  an  excised 
fragment,  and  even  then  subject  to  the  reservation  mentioned  on  the 
previous  page.  The  meagre  facts  regardii^^  the  course  of  the  disease 
suggest  that  it  usually  persists  without  getting  either  betcer  or  worse. 
Treatment  appears  to  have  but  little  influence  upon  it. 

A  singular  case  has  been  reported  by  Eulenberg,t  which  differs  in 
many  particulars  from  the  form  of  disease  above  described,  and 
illustrates  the  complex  relations  of  enlargement  of  the  muscular  fibres 
and  its  connection  with  degenerative  processes.  A  man,  aged  thirty- 
six,  presented  an  enormous  enlargement  of  the  muscles  of  the  left 

•  Auerbacb,  *  Yirchow*!  Archiv./  Bd.  liii,  pp.  234  and  897;  Berger, '  Dent.  Arehir 
f.  klin.  Med.,'  Bd.  iz,  1872,  p.  863;  Friedreich,  'Ueber  Prog.  Maikelatmphie,  fto.,' 
1873 ;  EnleDberg,  '  Real-Eocyclop&die/  Bd.  ix,  p.  354.  A  very  limilar  caae  U 
described  by  Pal, '  Wieii.  klin.  Wochenschr.,'  IS89,  No.  10. 

t  *  I>eaUch.  Med.  Wocbenschrif  t»'  1885,  No.  12. 
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leg,  which  were  soft  and  flabby  and  weak,  with  lowered  irritabflitT. 
The  condition  had  slowly  developed  after  a  fall  on  the  back  at  ten, 
which  caused  imperfect  paraplegia,  motor  and  sensory.  A  year  later, 
during  pleurisy,  he  had  thrombosis  of  the  left  femoral  Tein.  In  an 
excised  fragment  of  the  gastrocnemius,  the  muscular  fibres  were 
large,  the  maximum  being  rfrth  of  an  inch ;  they  presented  fatty  and 
Titreous  degeneration,  and  fat  was  seen  between  the  fascicolL  The 
muscles  of  the  other  leg  were  somewhat  wasted,  but  the  fibres  were  also 
enlarged  and  degenerated.  It  would  appear  as  though  the  condition 
had  resulted  from  a  traumatic  lesion  of  the  spinal  cord,  and  had  been 
intensified  in  the  left  leg  by  the  influence  of  the  thrombosis  and 
resulting  rascular  disturbance. 


THOMSEN^S  DISEASE;  MYOTONIA  CONGENITA. 

The  malady  thus  designated  may  be  considered  here,  notwithstanding 
the  obscurity  of  its  nature,  because  it  agrees  with  the  diseases  last 
described,  in  that  the  symptoms  are  muscular,  and  that  the  disease 
seems  often  congenital  and  occurs  in  families.  It  has  been  named  after 
the  physician  whose  description  gained  for  it  general  notice*  and  who 
is  himself  its  subject,  but  it  had  been  previously  descril^ed  by  Leyden, 
and  hinted  at,  long  ago,  by  Sir  Charles  Bell.*  It  is  not  always  oon* 
genital,  and  "  Transient  Myotone  "  would  be  a  more  exact  name. 

The  disease  is  characterised  by  a  peculiar  rigidity  of  the  mosdes, 
which  oomes  on  when  they  are  first  put  in  action  after  a  period  of  rest 
The  rigidity  is  transient,  and  when  it  has  (assed  off,  it  does  not  return 
as  long  as  exertion  is  continued.  The  malady  is  often  hereditary, 
and  usually  affects  several  members  of  the  same  family.  In  that  of 
Thomsen,  cases  can  be  traced  through  five  generations.  It  appears 
to  be  more  common  in  Scandinavia  and  (Germany  than  in  France 

•  B«iri  *  Nervoiis  Syttem,'  Caf«  184,  p.  4S6.  The  objections  to  eognoaiMl 
noDiencIatare  of  disease  are  certainly  redaccd  to  a  minimnm  when  the  first  liescrihtr 
of  a  rare  disease  is  also  its  subject.  The  most  important  papers  on  the  disease  are 
those  of  Leyden,  «  Klinik  der  Rackenmark>^krV  1874»  Bd.  i,  p.  128;  Thosssen,  'Arch, 
f.  PSTchiatrie/  Bd.  vi,  1876,  p.  702,  also  •CentralhL  f.  Nerrenkr^'  188S,  p.  199; 
Bernhardt,  *  Virchow's  Archir,'  Bd.  Ixxr,  1879»  p.  618.  and  « Centralhlatt  £. 
enrenkr^'  1S8^  p.  122;  Ballet  and  Marie^  <  Arch,  de  Nenr^  1883^  No.  IS; 
IfOhias,  « Schmidt's  JahrbV  Bd.  cxcTili.  1883;  Ringer  end  Sunsbory.  «  Lancet.' 
1884,  pp.  767,  816.  and  800 ;  Erh,  '  Die  Thomsen*sehe  Krankheit»*  Leipit^.  1886^ 
also  «  Dent.  ArchiT  f.  klin.  Med.,'  1890,  xlv,  p.  629;  Seifcrt,  iK,  alvu  ;  Msn%  in 
*  EncTcl.  des  Sc.  MedV  1S86 ;  Ha)e  White.  *  Brain.'  AprU,  1886.  and  '  Gm/s  Uosp. 
Rep.,'  Tol.  zlri  (a  Yerr  Tmloable  paper,  with  bihliography)  ;  Jacohj.  *  Jo«m»  oC 
Neur.  and  Ment.  Dis.,'  l^s.-l.  xiv,  p.  23;  Joll j»  *  Sudvest.  Kenrot»*  lUdca,  Ji 
ISOO;  Utttttfd,  *  Laucet,'  16S7. 
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or  England,  but  it  is  a  rare  disease  ;*  and  although  a  considerable 
number  of  clinical  cases  have  now  been  recorded,  there  has  been 
no  post-mortem  examinatiou.  There  is  little  to  attract  attention  in 
the  slighter  forms,  and  the  raritj  of  these  maj  ultimately  be  f  ^und 
to  be  less  than  at  present  appears. 

Both  sexes  suffer.  In  most  cases  the  symptoms  hare  been  first 
noted  in  childhood,  between  four  and  ten  jears  of  age,  sometimes  eren 
in  the  cradle.  Thej  increase  during  the  period  of  muscular  deve- 
lopment, and  then  remain  stationary.  A  few  patients  hare  seemed 
free  uutil  about  the  period  of  puberty,  but  even  in  such  instances  it 
is  probable  that  the  tendency  was  congenital  in  origin,  since  the  cases 
occurred  in  families,  other  members  of  which  suffered  earlier.  But 
in  a  few  cases  symptoms  apparently  identical  with  those  of  the  con- 
genital disease  have  come  on  in  early  manhood  after  some  exciting 
cause  —in  one  case  a  lightniug  stroke,  in  another  a  sudden  alarm  -t- 
Severe  and  prolonged  exertion  during  two  years  preceded  the  onset 
of  Tery  characteristic  symptoms  in  a  man  of  twenty-fiye,  without 
heredity.^    In  such  cases  the  disease  has  been  apparently  acquired. 

The  characteristic  symptom  is  tonic  spasm  of  the  muscles  when 
they  are  put  in  action  after  a  period  of  rest.  As  soon  as  the  patient 
attempts  to  move,  the  muscles  become  rigid.  The  rigidity  ma*  make 
movement  impossible  while  it  lasts,  or  may  merely  lessen  the  p>8sible 
range  of  movement.  After  a  few  minutes,  or  less,  the  spasui  passes 
away,  to  be  renewed,  but  in  slighter  degree,  by  a  fresh  attempt.  If 
the  movements  are  continued,  the  spasm  soon  becomes  trifling,  and 
does  not  return  until  after  a  period  of  rest.  The  longer  the  rest, 
the  more  troublesome  is  the  spasm.  The  subject  can  walk  for  hours 
without  fatigue  when  it  has  passed  off.  The  rigidity  is  sometimes 
lessened  by  alcohol  and  increased  by  attention  and  by  fear  of  it ;  the 
more  the  sufferer  tries  to  overcome  the  stiffness,  the  less  is  he  able  to 
do  80.  It  is  also  worse  in  cold  and  damp  weather.  In  a  severe  case,  a 
slight  impidse  will  make  the  person  fall,  and  it  may  then  be  impossible 
for  him,  for  some  minutes,  to  rise  from  the  ground.  The  arms  are 
usually  less  affected  than  the  legs,  but  in  some  cases,  the  rigidity  fixes 
the  fingers  for  a  short  time  on  an  attempt  to  use  the  hand.  The 
muscles  of  the  face  are  usually  free ;  mastication  may,  however,  be 
interfered  with  by  the  spasm  in  the  muscles  of  the  jaw.  Barely,  the 
tongue  or  face  has  been  affected ;  still  more  rarely  the  muscles  of  the 
eyeball,  interfering  with  its  movement  and  retarding  the  descent  of  the 
upper  lid.§  Most  voluntary  muscles,  indeed,  seem  liable  to  suffer, 
even  the  muscles  of  the  larynx  and  pharynx ;  those  concerned  in  the 

*  In  England  oaset  have  been  obsenred  by  Buizard,  Uei>chrll»  Ilale  White, 
Banham,  and  Chapman. 

t  « Kegel,  *  PhiL  Med.  Times,'  183;^  p.  412 ;  Schdnfeld, '  Berlin,  med.  Wochenaehr..' 
1883,  No.  27. 

t  Moyer,  *  Med.  News'  1890. 

{  Baymond.  '  Uas.  M^  de  Peril.'  Jnno.  1G31. 


538 


BPINAL  OOBO. 


processes  of  respiration,  defiecatioD,  tnicturilion,  and  coitua  h&ve  alM 
been  involved.  SoDx^timeB  the  epasm  is  greater  ou  one  side  of  tits 
body  than  on  the  other. 

The  musclea  are  always  well  nourielied  j  they  are  often,  indeed,  abore 
the  DormaL  size,  and  pogsesii  more  than  normal  strength,  bat  they 
ore  sometimes  leas  strong  than  is  normal,  even  when  large.  Thonuen 
believes  that  the  more  the  muBcles  are  employed  the  less  severe  is 
the  spasm,  and  that  a  life  of  active  exertion  produces  some  per- 
manent amelioration  in  the  disease.  The  malady  is,  however,  k 
source  of  some  disiibliity,  and  of  considerable  annoyance ;  in  the  wordi 
of  Thoinsen,  "  it  casta  a  sbiidow  over  the  lives  of  the  sufferers,"  and 
may  have  caused  the  mental  irritability  and  hypochondriacal  tendenaj 
that  have  been  conspicuous  in  some  cases. 

Careful  investigations  of  the  muscular  phenomena  have  been 
made  by  several  observers  and  that  by  Erb  is  especially  inslructivt 
In  his  case  a  single  brief  effort  caused  tonic  contraction  which  lasted 
for  twenty-five  seconds.  Momentary  electrical  stimulation  of  the  nerves 
caused  only  a  momentary  contraction  of  the  muscles,  but  continued 
stiniulalion  always  causes  a  prolonged  contraction,  the  ■'  myotonic 
reaction"  of  Erb.  In  certain  muscles,  moreover,  an  uaiutemipted 
current  caused  peculiar  wave-like  contractions,  about  one  per  second, 
passing  from  the  iie^'ative  to  the  positive  pole  (Erb).*  Any  strong 
stimulation  of  the  muscle  itself  caused  a  prolonged  after-contraction.t 
The  iriitability  of  the  nerves  is  generally  normal  in  degree ;  that  of 
the  muscles  is  normal  or  increased  to  voltuism.  In  some  cases  the 
anodal  closure  contraction  ha«  occurred  with  undue  readiness,  and  the 
"  latent  interval "  after  stimulatioo  has  been  touud  umbuDged  (Hale 
White)  or  increased.^  The  muscles  are  remarkably  seiisitive  to 
mechanical  stimulation,  and  firm  pressure  may  causa  a  tonic  contrac- 
tion lasting  from  twelve  to  twenty  seconds. 

In  alt  nuduubted  cases  of  this  disease  sensibility  has  been  intact^ 
and  the  superficial  reflexes  hare  been  unaltered.  Myotatic  irritability 
is  normal  or  increased. 

Once  developed,  the  condition  seems  to  persist,  with  little  change 
through  life,  but  in  one  case,  a  female  (in  whose  family  were  other 
cases)  considerable  improvement  ia  aaid  to  have  followed  marriag&§ 
In  some  instances,  the  symptoms  are  slight,  and  remain  so,  even  when 
they  begin  In  early  life  and  occur  in  the  aame  families  aa  seven 
cases.     Such  cases,  when  isolaled,  may  readily  he  overlooked. 

PiTHOLooT. — An  eraininiition  of  the  centmt  nervous  syste 
yet  to  be  made,  but  it  is  unlikely  to  yield  results  of  novelty  or  im- 

•  Akliriiigh  Erb,  Si'if^rt,  and  Dtht'ra  l.avD  iiotod  tliia,  aome  observcn  (u  Halt 
White)  Uav«  railed  to  ubtnin  the  jiUcnomeuDn. 

t  Jallj  hu  fuandtbat  rrpeal''!!  etimuUtioni  bj  cither  onrr«nt,  withi 
an  interval  between  the 
leu  and  leu  evident,  until  I.  .euse.  to  ocuiir  (•  Neur.  Cei>tr»lbl.;  ISflO,  p  iHS). 

I  -025  or  -03  MC.  ionti-nd  of  '01  ( itliiiniuiia,  *  Neur.  CenU,'  Iblf).  i>.  679), 

i  U.'nobull,  ■  L»iicet,'  Feb.  1,  l&HX 
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portance.  The  state  of  the  muscular  fibres  has  been  ascertained  from 
excised  fragments — a  method  which,  however,  ioTolves  the  fallacy, 
alreadj  mentioned  (p.  534,  note),  of  possibly  stimulating  the  fibres  to 
contraction.  At  the  same  time,  the  evidence  of  hypertrophy  appears 
conclusive.  Where  the  minimum  width  was  the  same  as  in  health,  the 
maximum  diameter  was  double  the  normal  (Erb).  In  other  cases  the 
maximum  or  even  average  diameter  in  fragments  excised  under  chloro- 
form was  double  that  observed  after  death  in  unafEected  persons ;  aud 
that  the  size  was  pathological  was  rendered  probable  bj  the  aspect 
of  the  fibres,  which  presented  indistinct  striation,  fewer  *'  sarcous 
elements,"  irregular,  non-parallel  edges,  and  sometimes  vacuolation. 
An  increase  of  the  nuclei  and  of  the  interstitial  connective  tissue  has 
been  found.* 

The  manifestation  of  the  disease  is  in  a  disorder  of  the  functions  of 
the  muscles,  and  most  writers  on  the  subject  have  followed  Lejden  in 
regarding  the  malady  as  essentially  muscular  in  nature,  as  consisting 
in  an  altered  functional  condition  of  the  muscular  tissue.  This 
opinion  is  strongly  supported  by  the  frequent  alteration  in  electrical 
excitability  (which  can  hardly  be  otherwise  interpreted  than  as  an 
indication  of  a  change  in  the  mode  of  action  of  the  contractile  muscular 
protoplasm),  by  the  structural  changes,  and  also  by  the  interesting 
experiments  of  Binger  and  Sainsbury,  who  found  that  certain  salts, 
such  as  sodium  phosphate,  are  capable  of  causing  in  the  frog  tonio 
spasm  bearing  considerable  resemblance  to  that  of  Thomsen's  dis- 
ease, and  that  such  spasm  persists  not  only  after  the  nerve  has  been 
divided,  but  after  the  intra-muscular  nerve-endings  have  been  paralysed 
by  curara.  This  does  not  prove  that  Thomsen's  disease  is  muscular 
in  origin ;  it  is  a  proof  that  a  similar  state  may  be  due  to  the  mus- 
cular tissue,  but  no  proof  that  this  is  the  sole  element  in  Thomsen's 
disease.  We  must  remember  that  the  malady  has  apparently  resulted, 
in  rare  cases,  from  influences  acting  on  the  nervous  system  in  adult 
life,  and  also  that,  in  the  congenital  cases,  the  spasm  only  develops, 
as  a  rule,  after  some  years  of  voluntary  action.  It  may  thus  be  an 
acquired  disease,  and  the  case  related  at  the  end  of  this  chapter 
shows  that  similar  spasm  may  be  due  to  a  primary  affection  of  the 
cord.  The  spasm  is  a  transient  consequence  of  rest.  But  "  rest "  is 
not  inactivity,  either  in  the  nerve-cells  or  muscles.  Muscular  **  tone  " 
and  adaptation  to  posture  mean  an  unceasing  flow  of  nerve-force 
from  the  cells,  an  overflow  perhaps,  due  to  the  perpetual  elaboratiou 
of  energy  which  keeps  the  cells  ready  for  instant  response  to  the 
voluntary  stimulus.  The  tonic  activity  then  ceases,  or  at  least  dofs 
not  interfere  with  the  different  action  excited  by  the  will.  But  the 
phenomena  of  Thomsen's  disease  suggest  that  the  cells  respond 
abnormally  to  the  voluntary  stimulus,  that  this  causes  at  first  an 
increased  tonic  activity,  slowly  ceasing  as  their  energy  is  lessened  by 

*  Erb,  Seifert,  and  alto  Nearoiiow, '  St.  Petenborg  psjch.  Qetellach.,'  1889 1  see 
•  Near.  Cent,'  1889,  p.  239.     Hale  White  f  oond  no  increaM  in  the  nacieL 
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actJOD.  Wide  as  is  tbe  difference  between  ttie  mnsciilar  and  nw- 
TOQS  tiBSueB,  ve  must  remember  that  the^  liave  some  condition 
ill  common.  The  dependence  of  the  nutntion  of  the  uiuscles  on 
that  of  the  motor  nerve-fibres  and  cells  is  a  very  remarkable  fact, 
and  BO  also  is  tbe  influence  of  tbe  functioual  activity  of  the  cell* 
and  fibres  in  causing  a  similar  condition  in  the  muscular  tissue. 
To  say  that  tbe  two  structures  are  connected  is  hardlv  an  exphmaliL'ii 
of  the  fact.  Whatever  is  tbe  nature  of  the  relation  bvtwi^en  them,  it 
ia  at  least  conceivable  that  an  aUuunual  functional  &ta,t«,  congenital 
in  origin,  may  be  coiitmou  to  thetwo,  and  tbnt  the  peculiar  oTer-actiou 
in  the  muscles  may  be  accompanied  by  a  similar  over-action  iu  ihe 
ganglion-cells  of  tbe  B]>inal  cord,  and  even  in  the  pvramtdal  cells  of 
the  cerebral  cortei.  It  is  even  conceivable  that  the  condition  of  the 
nerve-cells  may  be  tbe  primary  change,  and  that  of  tbe  muscles  may 
be  secondary,  although,  when  produced,  it  is  in  some  degree  inde- 
pendent, and  may  be  excited  independently  by  local  stimulation.  Such 
a  theory  enables  us  to  understand  the  two  facts  above  mentioned 
— the  influence  of  emotion  and  tbe  atrquiaition  of  the  disease,  each  of 
which  seems  to  be  inconsistent  with  a  purely  muscular  patholc^. 

Tbxathent. — No  treatment,  propi*rly  so  called,  appears  to  eseit 
any  influence  on  the  disease.  The  congenital  malady  persists  ti)rx>ugh 
life;  in  the  cases  in  which  a  similar  condition  has  apparently  b« 
acquired,  it  has  also  been  persistent.  The  only  influence  thai  1 
appeared  to  TLionisen  to  ameliorate  the  condition  !s  a  life  of  actin 
muscular  exertion.  But  it  is  puosihlo  thut  the  influence  of  thei^  ] 
pontics  is  not  yet  exhausted. 


Confitmital    Paramyotone. — TTnder   this    name  Eiilenhpi-g   bas   d6>  I 
scribed*  a  strange  family  affection,  allied  to  Tliuiusen's  disease  ii 
general  character,  although  differiug  very  much  in  its  special  feature^.  ■ 
and  equally  obscure  in  nature.     The  malady  was  widely  spread  in  tiktm 
aSected  family,  and  could  be  traced  through  six  generations,  hot  J 
ap|iears  now  to  be  dying  out.     Its  congenital  character  was  shown  not  I 
only  by  its  multiplicity,  hut  also  by  the  fact  that  in  some  individuals  ill 
was   manifested  immediately  after  hirlh.      Tbe  symptom  w^e  tonial 
spasm,  lusting  from  a  quarter  of  an  hour  to  several  hours,  excited  J 
chiefly  by  cold,  although  often  by  merely  slight  cold.     Tlie  rigidity 
followed  foratime  hy  weakness.     The  facial  muscles  were  very  pmo*! 
to  become  thus  rigid,  especially  the  orhiculares  palpebramin  and  oris  | 
and  while  the  contraction  lasted  the  p.Uient  was  often  unable  to  ap<«h   , 
or  to  open  the  eyes.     The  rigidity  wns  slighter  in  the  legs  than  in  ihe 
arms,  but  the  subsequent  weakness  was  equally  marke<l.     Wannth 
removed  the  spasm.     There  was  no  persialcut  loss  of  power,  and  no 
increase  of  mechanical  irritability.     The  electrical  eicitabdity  of  tlw  1 
nerves  was  normal ;  that  of  tbe  muscles  was  lowered  to  each  cuTT«rnvl 
*  '  NvurologiivUu  Ccutrvlbliill,'  188G,  p.  EUS, 
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and  there  was  an  abnormal  tendency  to  tetanic  contraction  during  the 
passage  of  the  current.  Eulenberg  speculates  that  the  symptoms 
may  be  due  to  reflex  vaso-motor  spasm  in  the  muscles,  because  the 
diminution  of  the  blood-supply  to  muscles  renders  them  weak ;  but 
it  is  clearly  equally  possible  that  the  two  certain  phenomena,  the 
sensory  impression  and  the  muscular  contraction,  may  be  directly 
connected. 


Aiaaie  paramyqtone  seems  the  best  proTisional  designation  for  an 
acquired  condition  of  which  one  case  has  come  under  my  notice. 
Persistent  tonic  spasm,  like  the  transient  spasm  of  Thom sen's  disease, 
was  associated  with  distinct  ataxy,  and  also  with  weakness  and  some 
anaesthesia.  The  symptoms  commenced  gradually  in  the  leg^,  in  a 
healthy  man,  aged  40,  without  neurotic  heredity ;  it  invaded  the  arms 
six  months  later,  and  increased  more  rapidly  in  the  arms  than  in  the 
legs.  At  411  his  state  was  this.  A  well-built  man ,  with  well-deyeloped 
muscles,  nnduly  firm  in  all  parts  except  the  neck  and  head.  The 
firmness  was  due  to  tonic  spasm,  which  never  ceased.  It  was  present 
on  waking  in  the  morning,  and  through  the  day  interfered  with  all 
movements,  making  them  slow  and  stiff.  He  rose  from  a  seat 
slowly  and  with  difficulty ;  when  standing  there  was  slight  unsteadi- 
ness, increased  by  closing  the  eyes,  and  a  slight  impulse  or  stumble 
in  walking  would  cause  a  fall,  chiefly  because  the  spasm  prevented 
the  needed  quickness  of  movement  to  save  him.  Prolonged  exertion 
had  no  influence  on  the  tonic  spasm,  which  opposed  passive,  as  much 
as  active,  movement.  Power  in  arms  and  legs  was  lessened,  but  not 
considerably.  The  grasp  =  50  and  55  ko.  The  extensors  of  the 
fingers  were  weaker  than  the  flexors,  but  could  act  perfectly  although 
involuntary  flexion  followed  the  slow  extension.  The  electrical 
irritability  of  the  muscles  seemed  to  be  normal.  Inco-ordination  was 
especially  marked  in  the  hands ;  with  eyes  shut,  buttoning  his  coat 
was  almost  impossible ;  the  attempt  was  made  with  thumb  and  fore- 
finger, the  others  being  flexed,  and  he  could  touch  his  nose  only  after 
many  wandering  failures.  On  the  palms,  from  the  wrist  to  the  tips 
of  the  fingers,  sensibility  was  lost  to  touch,  slightly  delayed  to  pain, 
little  changed  to  temperature.  Slight  tactile  loss  extended  to  the 
back  of  the  last  phaLmges ;  on  the  back  of  the  hands  it  was  normal. 
A  similar  but  slighter  loss  existed  on  the  soles ;  he  often  felt  as  if 
walking  on  a  rounded  surface.  The  size  and  weight  of  objects 
placed  in  the  extended  hand  could  not  be  recognised.  No  trace  of 
the  knee-jerk  or  other  evidence  of  myotatic  irritability  could  be 
elicited,  but  the  spasm  was  enough  to  explain  the  failure,  and  its  real 
condition  is  uncertain.  Mind,  special  senses,  and  cranial  nerves 
were  unaffected. 

Unfortunately,  the  course  of  the  affection  could  not  be  observed. 
Its  symptoms  must  have  been  due  to  disease  of  the  spinal  cord,  and 
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tbef  are  instmetiTe  aa  ahoving  that  »— *■!■*  apaaai,  like  that  ot 
Thomwo't  diie^ae,  mar  be  tbiu  prodaeed.  The  time  Biaj  not  have 
been  aofficient  for  the  prodnetioQ  of  change*  in  the  irntabilitT  of  the 
ninacle«,  bat  we  mutt  also  rvmenib»-r  that  differenoea  in  the  inflnence 
on  the  moacle*  maj  be  oonnecled  with  the  defeetxre  power. 


TUMOURS  OP  THE  SPDfAL  COED. 

Morbid  growths  within  the  apinal  eanal  mar  spring  from  the 
membranest  or  mar  grow  in  the  anbttanoe  of  the  cord  itself.  Tbe 
difference  in  seat  entails  some  differeoee  in  sjmptoms,  but  it  is  nerer- 
tbeless  oonTenient  to  consider  the  two  classes  together,  because  thej 
hare  manj  armptoms  in  common,  and  it  is  often  impossible  to  carry 
tbe  dia'/nosis  farther  than  the  existence  of  an  intn«spinal  tnmoar. 

Etiology. — The  general  caoses  of  these  growths  correspond,  for 
the  most  part,  to  those  concerned  in  their  production  in  other  sitna- 
ti<ms,  and  present  few  peculiarities  that  merit  special  mention. 
Fattj  growth  outside  the  dura  mater  occurs  earij  in  life ;  malignant 
tumours  derelop  late.  Of  tumours  within  the  dural  sheath, 
mjxomata  are  chieflj  met  with  in  middle  life,  tubercular  growths 
occur  occasionallj  in  childhood,  but  generallj  between  fifteen  and 
thirtj-fire  (Herter*) ;  lipomata  are  congenitaL  Males  are  a  little 
more  prone  to  suffer  than  females.f 

Of  the  diathetic  conditions  which  gire  rise  to  tumours  elsewhere, 
onlj  two,  sjphilis  and  tubercle,  are  effectire  in  causing  growths 
which  commt>nce  within  the  spinal  canal.  Parasitic  tumours  occur,  due 
to  the  same  influences  which  produce  them  in  other  situations.  A 
few  rare  growths  appear  to  be  congenital  in  origin,  due  to  tbe 
abnormal  deTelopm<:rnt  of  germinal  tissue,  while  the  more  common 
gliomata  within  the  cord  arise  from  embryonal  tissue,  which  has 
suffered  an  arrest  of  its  normal  development.  Of  the  causes  of 
other  forms  of  tumour  we  know  practically  nothing.  Injuries, 
such  as  a  blow  on  the  spine,  hare  been  supposed  to  be  occasional 
causes,  and  their  influence  in  rare  instances  has  seemed  possible, 
but  tbe  CTidence  is  not  so  strong  as  it  is  in  the  case  of  tumours 
in  some  other  situations.  In  many  cases  the  first  symptoms  have 
immediately  followed  some  exposure  to  cold  and  wet,  and  it  seems 

*  Herter, '  Joam.  of  Mental  Dis.,'  1890,  hat  aiiAlyMd  twenty-dx  casct. 

t  A  coUectioa  of  ficU  reUting  to  theie  pointa,  bj  Mr.  Victor  Honley,  will  be 
foaod  in  the  paper  written  bj  him  and  mjielf  oo  the  ease  of  raoccMfol  removal  of 
ft  tamoor  from  the  tpinal  cord,  *  Med.-Chir.  Traaa.,*  1889 ;  but  the  numerical  basii  it 
far  too  meagre  to  topply  more  than  ttatittical  inggcstiont.  It  will  bs  nseeatary  to 
wait  for  a  ooiaiderable  time  before  adeqnate  data  art  obtained. 
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probable  that  this  influence  may  hare  excited  aeooniarj  procesaea 
in  the  nerve -elemente  which  were  alread;  deranged  bjr  the  growth, 
and  ma;  thiu  hare  frequently  excited  the  first  BjinptoniB  of  the 
tamoor,  bat  it  can  have  had  do  share  in  the  production  of  the 
growth  itself.  Tranmatio  hsmorrhages  maj,  however,  result  in 
^stic  formations,  which  bavo  been  mistaken  for  new  growths. 

PxTHOLoaiCAi.  Akatokt. — The  growths  within  the  spinal  canal 
may  develop  outside  the  dun  mater,  inside  tbe  dura  mater,  or  within 
the  substance  of  the  cord.  The  extra-dural  tumours  may  spring  from 
the  membrane,  or  from  tbe  tissne  between  the  membrane  and  the 
bone,  or  may  grow  into  the  canal  from  the  outside,  through  tbe 
intervertebral  foramina.  Subdural  tumours  may  proceed  from  the 
inner  surface  of  this  membrano,  from  the  arachnoid,  or  from  tbo  pia 
mat«r  (Fig.  165).  Tbe  growths  in  the  cord  may  spring  from  the  pia 
mater,  or  may  develop  in  tbe  substance  of  the  cord.  They  sometimes 
proceed  from  the  peculiar  tissue  which  surrounds  the  central  canaL 

Tbe  forma  of  extra-dnral  tumours  are  lipoma,  from  an  overgrowth 
of  the  fat  which  normally  exists  between  the  membranes  and  tbe  bone  ; 
and  parasitic  tumours,  chiefly  echinococci ;  bnt  all  are  rare.*  growths 
also  occur  that  spring  from  the  bones  or  intervertebral  tissue — enchon- 
droma,  sarcoma,  and  cancerous  tumours,  which  have  been  already 
considered.  Far  more  frequent  are  collections  of  inflammatory  pro- 
ducts from  bone  disease,  but  these  do  not  come  into  the  category  of 
morbid  growths. 


Fie.  169. — H^llpom*  of  ths  (pliiil  cord.  A,  trtntven*  Mrtion  of  tha  tomoor 
■nd  of  tba  GODQi  mednUiirli  of  the  tpinil  cord,  to  which  the  gmwth  wu 
■ttMbed,  and  of  which  the  ^rej  matter  u  reprewnted  bjr  the  dotted  aUsding 
OK.  >.  aactioiu  of  aerva.roota,  partly  ancloaed  in  the  tnniODr ;  *,  bundle*  of 
mntenlar  flbi«a.  B,  part  of  the  tamonr  more  bighly  magnified,  ahowing  the  ftt- 
eella,  of  which  it  wae  ehiefl;  eompoaed  i  p.a.  pia  miter  of  tba  cord,  of  which 
I.e.  ia  part  ot  tbe  lateral  colamn.  C,  part  of  tbe  tnmonr,  itill  more  magoified, 
■bowing  etriated  mneenlar  flbrea,  Bbrtiaa  dane,  and  fat-cellt  (ae«  alao  Pig.  1B7, 
p.  617).    The  tumoar  had  canaad  no  ajrmptoma. 

*  An  adeno-MTOoma  baa  aUo  been  met  with  (Rodenpyl,  <Am.Jaarn.lIed.8a>,' 
1888). 
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The  tumoun  which  begin  within  the  duift-matnl  theath  are  ehiefl j 
■jphiloDiiita,  sarcomata*  and  mjxomata,  sometimes  containing  cjsts  oi 
**  brain-eand."  Tubercular  and  parasitic  tumours  are  rare,  but  both 
echinococci  and  cjstioerci  have  been  met  with,  dereloping  in  the 
meshes  of  the  arachnoid.  Fattj  tumours  haye  been  found  in  a  few 
instances,  and  maj  contain  muscuhir  fibres.  Thej  are  congenital  and 
sometimes  associated  with  spina  bifida  (q-T.)-  ^?*  ^^  represents 
such  a  tumour,  a  myolipoma  consisting  of  fattj  tissue  and  striated 
muscukur  fibres,  which  had  grown  from  the  pia  mater  or  meshes  of 
the  arachnoid,  and  was  found  in  a  case  of  tabes.*  Neuromata  occur 
on  the  nerTC-roots,  and  maj  compress  the  cord.t 

The  growths  within  the  substance  of  the  cord  itself  are  more 
diverse  in  character.  Syphiloma  and  glioma  are  the  most  common ; 
sarcomata,  mjxomata,  and  tubercular  tumours  also  occur,  containing 
the  characteristic  bacilli,  and  always  associated  with  taberde  else- 
where. A  cystioercus  has  once  been  met  with.  Some  growths  hays 
a  compound  character,  and  haye  been  termed  myxo-sarooma,  glio- 
sarcoma,  and  fibro-sarcoma.  Sarcomata  and  gliomata  are  sometimes 
Terj  yascular,  and  haye  been  termed  "  angio-sarooma  **  and  **  angio- 
glioma."  It  is  far  more  common  for  the  tumour  to  spring  from  the 
pia  mater  or  from  the  peri-ependjmal  tissue  around  tlie  canal  than 
for  it  to  begin  among  the  nenre-structures,  but  tubercular  growths 
usually  begin  in  the  grey  matter  on  one  side. 

Extra-dural  growths  are  always  single;  those  within  the  dura  mater 
are  often  single,  but  sometimes  two  or  three  co-exist ;  or  the  growth 
may  be  diffuse,  as  in  a  sarcoma  of  the  pia  mater,  which  extended 
as  high  as  the  sixth  pair  of  cerebral  nerves,  and  as  low  as  the  cauda 
equina.  {  Neuromata  or  sarcomata  on  the  nenre-roots  are  often 
multiple,  and  sometimes  are  yerj  numerous.  Tumours  within  the 
spinal  cord  are  also  usually  single,  even  those  of  tubercular  nature, 
but  occasionally  more  than  one  growth  is  found. 

The  size  attained  by  growths  outside  the  cord  is  necessarily  moderate* 
in  consequence  of  the  limitation  of  the  space  in  which  they  grow. 
They  vary  from  the  size  of  a  pea  to  a  width  of  one  and  a  length 
of  two  inches,  which  is  rarely  exceeded,  and  chiefly  by  extra-dural 
tumours.  Those  that  develop  fr«>m  the  pia  mater  are  usuallj  smaller 
than  those  that  spring  from  the  Jura  mater.  Multiple  tumours  on 
the  nerve-roots  are  generally  small.  Adhesions  often  form  between 
the  growth  and  the  membrane  from  which  it  does  not  arise.  The 
tumour  compresses  the  nerve-roots  and  the  spinal  cord  (Figs.  164, 
167).  The  compression  produced  by  tumours  within  the  dura  mater 
is  always   greater  than  that   by   tumours  outside  this  membrane. 

*  See  '  Path.  Soc.  Trmne^'  vol.  xxvii,  19.  Another  rmre  CMe  is  one  of  lymph* 
ftngeioma  ot  the  pia  mater  (Trauhe,  '  Near.  Cent.,'  1887). 

t  Myx(>-fibromata  may  also  form  on  the  nerve- roots,  and  even  extend  on  to  the 
cord.     See  lirucf  and  Mott. '  Brain/  Jal>,  1887. 

X  Pusteur,  •  Brit.  Med.  Journ./  July,  1887. 
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Fio.  164. — Tnmonr  gro»in(r  rrom  the  Inner  nrftM  of  th*  dura  nwUr,  ud 
compreuing:  the  >plDal  cord  in  tbe  mid-dorul  region.  The  tamnur,  3  cni.limg, 
wu  >  urcoma  in  whicb  the  eelU  were  arranged  la  eonrentrie  granp*,  the  centree 
of  •rhich  had  iiD<lEr|{ong  ealciflcation.  Tbe  ipinal  oord  wmi  aoftaned  and  dark  in 
tint  at  the  eonipreued  part.*     (Alter  Lanceieam.) 

Fie.  165. — Sarcoma  growln);  between  tba  arachnoid  and  pia  mater  In  tbe  mid- 
donal  r«gian  of  the  cord.  The  tnnionr  bad  ipmng  from  the  meihea  of  tbe  arach> 
noid,  and  waa  onlj  alightl;  adherent  to  the  pia  mater.  Tbe  apinal  cord  waa 
anoprexaed  and  ■oflened.  In  the  flKure  the  dun-matTsl  ahnth  Lu  been  laid  open, 
ciMpt  ftt  the  top.  and  the  anichnoid  haa  been  opened  orer  the  lower  half  ol  the 
tnmonr,  which,  6  cm.  long,  liea  oB  the  poaterior  and  (riglit)  lateral  lapeot  of  the 
oord.t     (After  Laneerani.) 

Fio.  166. — A  tnmour  (T)  growing  from  the  dnra  mater,  and  compraMtng  the  right 
aide  of  the  apiiml  mrd  at  tbe  origin  of  tbe  4tb,  Gtb,  and  6th  cerrical  nerTe*.  The 
tnmnnr  wa<  a  iiiindle-rrlled  ■arcamHiprinfing  from  the  sraehnaid.I  (After  Leyden.) 
*  The  [utiEut  waa  a  womna  HveiiCj-one  jeara  of  age,  parapieicio,  with  atrong 
dazor  eontractore  of  the  legt,  loaa  ol  power  OT«r  the  apliincten,  and  coniiderable 
impuriKent,  but  not  ahaalata  loaa,  of  ■eniibilitj.  The  ajmptoma  came  on  gradoally 
uz  jFsn  befora  death.    (I^noereaoi, '  Attu  d'Aaat  Path.,'  p.  444.) 

t  Tbe  patient  waa  a  woman  twenty-eight  jean  of  age.  The  flnt  •  jmptom  waa 
paun,  nJiiiting  OTer  the  upper  part  of  the  abdomeB  on  tbe  right  aide,  and  after- 
wmrds  extending  to  the  leg  and  to  tbe  left  aide.  After  •  few  moiitha,  weakneta  of 
the  leg!  gndaalij  came  on,  and  became  abaolnte,  with  loaa  of  aenaation  and  of 
pnwer  over  the  ■phincCera,  ExtenilTo  bedwree  wen  the  Immediate  eanae  of  dentb, 
which  occurred  eighteen  montha  after  the  onaet.  (Lancereaai, '  Atlaa,'  p.  447.) 
X  The  patient  waa  a  man  aged  thirtj-flre.    At  twentj-eiisht  pain  camneaoed  In 
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Fie.  167. — Tamaar  of  dnni  mftter  oppnsitr  the  apper  part  of  tlia  iDmbur  entartth 
mint.  oomprFaing  nerre-mola  anil  >|iinil  eonl.  (From  ■  pnpaUstiOB  in  Univcnitj 
Collar  MiuBum.    Drawn  b^  Dr.  H.  R.  SpencM-.) 

FlS.  16S.^TDmoaT  at  th«  omda  cqoins  larmnnding  knd  rBclnnng  manj  oT  tW 
DMTe-rooM.  Th«  eoid  ItMir  WW  atudectcd.  Th*  itrDCtnra  of  tlia  (omoar  vu 
that  of  ■  flbro-nrcoma.' 

Fis.  169.— Nrnramataorth«miaBFqniiiL  (After  LauMTMai.)  Thegcowtbhid 
apparrntl;  giteo  rit*  to  nn  ijmptnnu. 

tha  right  faraann,  and  continaed,  intennitting,  Tor  aome  jnra,  until,  at  tfairtj-foar, 
it  eitvnded  throaxh  ttw  wliole  arm  to  the  neck  bcaida  tha  ifdaa,  where  U  *m 
ipcraucd  bj  moiement.  Similar  pain  afternaida  euna  on  in  tlia  left  arm.  Tliea 
followed  wrakncH  in  the  rifiht  arm,  flight  ipum  is  tlia  ri^t  leg,  and  tingUag 
in  tha  left.  The  arm  bname  alinort  powarleai  and  waated,  tba  rig'ht  le;  weak, 
aud  flexion  of  the  neck  caoied  MTcre  local  pain.  Tbeae  ajmptoma  eontiBoad  and 
increa«e<l.  and  pain  in  tbe  left  \tg  eama  on.  Tbs  ccrrical  apinc  became  teiulCT,  awl 
moTcment  of  the  head  to  the  right  wa«  limited.  Then  both  leg;*  beeama  weak,  and 
•eniibilitj  wa«  liwt  aa  bif  b  ai  the  oipplei.  Tha  paraplegia  beeama  abaolote,  btd- 
•orea  fonneil,  and  the  patient  died  H'eo  jcara  after  tba  anaat  of  tha  ajmptoiM. 
Softening  of  the  apinal  cord  extended  down  Into  tha  doraal  region.  (Lejdeo, '  Klin, 
der  Riickeiimarkakr.,'  Bd.  1,  p.  4fi0.) 

*  The  patient  wu  a  man  aged  twentj-rigbt,  whoa*  aTmptoma  oominenced  nina 
niontha  before  deaLb,  and  cocaiated  in  aevere  paina  in  tha  lege  and  prDgreaaiTa  waak- 
iieia,  tlie  power  of  Handing  lieing  loat  atunC  four  montha  after  tha  onaet.  A  littli 
power  in  the  flfion  of  the  hipa  and  the  eitenion  of  the  kneea  paniatcd  alBoat  la 
the  liat.  but  the  knee-jerk  wu  lost.  All  tbe  mnaclea  of  the  lege  waated,  tboae  bekw 
tlie  kiiae  eitremeli.  and  eTen  when  the  patient  waa  Srat  aani,  electrical  irritabilitj 
wai  greatly  lowered  to  t«th  carrenta.  wi  chant  anj  reaction  of  degmeration.  Ttetila 
aenaibiUty  waa  im[iiiired  in  each  loot  aud  Imrer  leg,  mora  in  tha  right  than  iatki 
left,  and  ehiefl;  in  tbe  ri^oa  lupplied  from  tha  aacral  pieina.  Stnaibilitj  to  pua 
waa  not  affected.  The  blulder  waa  afTiiiCEed  earlj,  and  ajoiploina  of  pjelo-Dcphritk 
alrciily  ttiited.  The  kidnej  diaeaae  waa  the  immediate  canae  of  death,  which  waa 
preceded  bj  MTeral  contnlaiona,  appareutlj  aramie.  A  mieroacoptcal  uamhuCiDB 
ahowed  ci>ii«iilenble  damaga  to  manj  nerre-roota  iovolTad  in  tbe  tSBonr,  whQ* 
otben  had  neaped.  The  muaclet  presented  inteiiae  grannlar  degeuaratiiM  with 
aama  k>U|;icu<liual  atriaiioa,  aud  iocrasM  of  tha  inuiitiiial  nuckL 
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The  amount  of  pressure  is  proportioned  to  the  size  of  the  tumour  and 
its  consistence.  A  soft  growth  outside  the  sheath  may  attain  a 
considerable  size,  and  even  extend  through  the  intervertebral 
foramina,  without  exerting  much  pressure  on  the  cord  itself.  At  the 
compressed  part  the  cord  is  narrowed  and  softened,  usually  indented 
or  flattened,  because  the  pressure  is  either  from  one  side,  from  the  front, 
or  from  the  back.  Barely,  tho  degree  of  pressure  is  so  great  that  the 
cord  is  reduced  to  the  size  of  a  crowquill,  and  it  has  even  been 
apparently  interrupted  at  the  spot,  the  upper  and  lower  portions  being 
conical,  and  their  pointed  extremities  connected  only  by  membranous 
tissue.  The  softening  of  the  cord  depends  on  inflammation,  the 
"pressure-myelitis"  considered  in  a  preceding  chapter  (p.  345),  and 
it  presents  the  tissue-changes  that  have  been  there  described.  Secon- 
dary inflammation  may  extend  down  the  cord  below  the  growth,  or 
for  a  short  distance  above  it,  often  unequally  in  the  different  elements 
— sometimes  in  the  grey  matter  into  the  lumbar  enlargement,  and 
even  on  one  side  only  (Francotte,  see  p.  552).  The  usual  secondary 
degenerations  are  commonly  conspicuous. 

The  growths  that  involve  tho  Cauda  equina  often  attain  a  larger  size 
than  those  that  occur  higher  up,  because  this  part  of  the  vertebral 
canal  is  large,  and  the  nerve-roots  occupy  but  a  small  part  of  it. 
Most  tumours  in  this  situation  are  sarcomata  or  fibro-sarcomata,  but 
it  is  a  not  uncommon  seat  of  syphilitic  growths.  They  usually  spring 
from  the  tissue  of  the  arachnoid,  and  often  surround  and  include  the 
nerves  (Fig.  168),  the  amount  of  damage  to  which  is  very  variable. 

Multiple  tumours  outside  the  cord  are  sometimes  very  numerous. 
They  are  usually  sarcomata,  and  spring  from  the  membranes  and 
sheaths  of  the  nerve- roots.  They  are  various  in  size,  ranging  from  that 
of  a  hazel  nut  to  that  of  a  pin's  head,  and  many  very  small  growths 
are  often  scattered  among  the  nerves  of  the  cauda  equina.  In  some 
cases  of  this  character  similar  growths  have  existed  in  the  cerebral 
membranes. 

The  tumours  within  the  spinal  cord  are  usually  small,  seldom 
exceeding  half  an  inch  in  diameter,  and  usually  less,  even  when  they 
give  rise  to  considerable  impairment  of  function.  But  their  vertical 
extent  often  exceeds  their  transverse  diameter,  and  sometimes  they 
grow  through  a  considerable  extent  of  the  spinal  cord.  Gliomata,  and 
especially  the  gliomatous  growths  that  spring  from  the  central  r^on, 
and  arise  from  embryonal  neuroglial  tissue  (persistent  by  arrest 
of  development,  and  often  associated  with  syringo-myelia),  are  those 
which  have  most  frequently  a  considerable  vertical  extent.  Such  a 
glioma  has  been  known  to  reach  from  the  medulla  oblongata  to  the 
lumbar  region,  and  often  extends  up  from  the  cervical  region  to  the 
base  of  the  brain. 

The  cord  is  enlarged  at  the  seat  of  a  tumour,  and  the  predae 
character  of  the  enlargement  depends  on  the  position  of  the  growth* 
In  an  infiltrating  glioma  of  the  upper  part  of  the  cord,  the  increase 
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IB  abovra  ia  Fig.  171,  It  probably  commenced  at  tbe  furrow  opposite 
tbe  head  of  tbe  posterior  comu,  which  it  has  deatrojed,  and  tbo  pm- 
■ure  which  it  exerted  is  evident  from  the  dispkcemeat  of  tbepOBterioi 


Fia.  171. — Bjphiloma  In  tbe  ipinftl  Mid,  aetapj\ag  tfaa  poilUoil  flf  tha 
poitorioT  eornii  and  >4j"v>^  parta  of  ths  puaterior  and  lateral  rolnmna,  in 
tbe  lower  cer^ic&l  rvgion.  The  tamour  praiented  tbe  niaal  combiiution 
of  grey  tramlucBnt.  and  reltow  cheeaj'  area*.  A  Mwond  umilar,  bnc  mach 
(mailer  tnmoor  eiiited  higher  up.  Tha  if  mptomi  were  romplicatad  bf 
hemi|ilpKia,  Jtc^  of  cert^bral  origin,  dae  to  i  gnmma  in  tha  brain,  Para> 
lj*i*  witb  rigid  flexor  contractara  of  the  let  arm  and  leg  wai  apiMrantlj 
daa  to  tbe  grawtb.  Tbe  di>«Me  <rii*  ceriainly  ■jphllitic,  but  it  ii  not*- 
wOKhj  thai  it  had  daraloped  dnrinf[  oontinooas  treatment  by  fall  doa«a 
of  iodide,  which  had  entirely  miuoved  earlier  lyinjitoioai  hot  to  wbioh  Um 
^tem  had  apparently  become  accnitomed, 

median  !>eptum.  In  atl  forma  of  tnmour  the  central  canal  i a  often 
obliteral«d  b;  the  pressure,  and  maj  be  Bligbttv  dilated  biglier  up } 
thii  dilatation  is  especially  common  from  growths  that  begin  io  tbe 
peri-epCDdjmol  tissue.  The  considerable  enlai^ment  of  the  caoal, 
termed  "  s^iingo-myelia,"  is  generallj  associated  with  a  peculiar 
growth  in  this  position,  probablj  congenital  in  origin ;  the  condition  is 
described  in  another  chapter.  In  other  forms  of  tumour,  cysts  occauon- 
ai\j  develop,  and  hemorrhage  ma;  occur  into  Buch  cjsts,  or  into  the 
softened  tissue  in  tbe  vicinitj  of  the  tamour,  or  even  in  the  substance 
of  a  soft  growth  itself,  especially  when  this  is  a  glioma.  From  the 
region  of  the  growth,  secondarj  degenerations  can  frequently  be 
traced  upwards  and  downwards,  but  ihese  are  often  slighter  than  the 
apparent  damage  would  suggest,  sometimes  bj  reason  of  the  remarkable 
tolerance  of  the  nerve-fibres  to  pressure  if  this  is  slowly  developed, 
sometimes  because  a  rapidly  growing  tumour  has  not  gireu  time  for 
them  to  become  conspicuous.     As  regards  vertical  positioa,  growths 
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may  occur  in  anj  pari,  but  are  said  to  be  most  frequent  beneath  the 
lower  cenrical  spines,  and  in  the  upper  and  lower  dorsal  regions, 
because  (it  is  conjectured)  there  is  least  room  at  these  places,  althoa^ 
why  the  result  should  follow  from  the  cause  is  not  dear. 

Symptoms. — The  symptoms  produced  by  tumours  within  the  spinal 
canal,  whether  these  are  within  the  cord  or  outside  it»  resemble  in 
their  general  characters  those  which  we  hare  already  considered  as 
resulting  from  growth  and  caries  in  the  bones  of  the  Tertebral  column. 
The  resemblance  is  most  close  in  the  case  of  extra-dural  growths,  and 
least  so  in  that  of  tumours  within  the  substance  of  the  cord.  The 
chief  differences  are  the  relative  preponderance  of  symptonu  of 
early  irritation  of  the  cord  itself  when  the  growth  is  within  it,  and 
the  frequent  indications  of  a  transrerse  extension  of  the  damage  from 
one  side  of  the  cord  to  the  other. 

In  the  majority  of  cases  pain  is  prominent  through  the  whole  oonne 
of  the  disease.  It  is  usually  the  earliest  effect,  serere  both  before  and 
lifter  the  dcTelopment  of  other  symptoms.  The  pain  may  be  intense 
along  the  course  of  the  nenres  which  arise  at  the  lerel  of  the  tumour, 
and  also  in  the  parts  supplied  by  nerres  below  that  level,  e.  g.  in  the 
legs,  but  it  is  not  felt  aliove  the  growth.  It  may  be  a  sharp  acute 
pain,  but  has  often  a  **  buming^'charseteryand  is  sometimes  ** stabbing** 
or  "  rending.**  Dull  aching  pain  may  be  felt  between  the  attacks  of 
severe  pain,  or  before  them,  and  may  then  give  rise  to  the  mo»t 
frequent  of  all  diagnostic  errors — mistaking  grave  organic  disease  for 
simple  rheumatism,  on  account  of  the  similarity  in  the  character  of  the 
pains.  The  intensity  of  the  seven?  pain  is  usually  very  great,  and  it 
has  more  than  onoe  led  the  unhappy  sufferer  to  attempt  suicide.  The 
pains  are  often  felt  on  one  side  first,  in  one  arm,  in  one  side  of  the 
trunk  at  a  given  level,  or  in  one  leg«  and  a  onsidentble  time  may 
ela|*se  before  they  extend  to  the  other  side.  Occasionally  the  pain 
is  bilateral  from  the  first.  It  is  creiM-rally  greatest  when  the  tumour 
comi'f^sses  the  cori  from  l:«ehiiid  fi^rwards.  or  vice  vend  (Horsley); 
this  is  open  to  more  than  one  explanation.  Pain  is  sometimes 
increased  ty  moreo^ent.  but  rarvly  in  the  intense  degree  common  in 
tumours  of  the  bone.  Wben  the  g7x>wth  is  in  the  lower  lumbar 
rt-gion,  the  f«ain  is  often  first  refemad  to  the  soles,  and  seems  to 
A>^>rDd.  The  s^rns^^ry  Ivisss  doe  to  subsequent  nerve  destruction,  follows 
^  s^miliT  oc^urs^.  P^in  n  s>.-mr'tia^«s  felt  in  the  si^n^,  frequently  when 
I  he  crc*wt:i  here  ns  in  tht*  du.'a  oui-ier.  rarely  wueo  it  is  within  the 
^ubstanc^  of  :be  vorl.  Tr:  Orrur^ia  of  the  sf«ine  often  exists  m  the 
f  rmer  cases;.  1^:  is  vn  ibe  vrhc*ie  not  common.  Other  subjective 
$ir  ni;*taoiis  xlat  occnr  vr.i-<  ihe  fan  or  in  the  intervals — ^  numbness," 
tirc-irj:.  fcni.>cu:i:r,  Ac.  xi^l.  ihty  g;v>e  «i^  Seance  to  the  pains  as  an 
:•  iiiTjitZv^a  of  >>r«nkric  da^^Ac?  •-'  *h'  rrTre-rtractuiea.  The  root- pains 
in  :}:e  :rsr.k  are  c-f'.cr  a>x  s  ia::  :rsi  by  a  f«iise  of  itmsuietion,  which 
n^T  be  T^rr  distre-s?  r^  HT:.er«^Lhf^aa  of  the  skin  firequentlj  aceom- 
|w.:i:r^  l^kL'^  uli  a:  :Le  I-ct^I  vC  Uie  tsjMMD;  less  comaMmly  those  in  the 
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part«  below.     Yerj  rarely  pain  is  abeent ;  cbieflj  in  extra-dural  lipoma, 
probably  from  the  nature  of  the  growth. 

Muscular  spasm  is  another  common  symptom,  most  pronounced 
when  the  tumour  springs  from  the  membranes.  There  may  be  some 
rigidity  of  the  back  opposite  the  seat  of  the  grovrth,  usually  associated 
with  local  pain.  It  is  most  marked  when  the  disease  is  at  the  more 
mobile  part$t  of  the  spine»  especially  when  it  is  in  the  cervical  region. 
In  such  cases  the  rigidity  may  be  painful,  and  the  pain  may  be 
increased  by  moyement.  Severe  spasm  in  the  abdominal  muscles  is 
often  associated  with  severe  girdle-pain.  Contractures  may  develop 
in  the  limbs,  both  in  those  supplied  by  the  nerves  which  arise  at  the 
level  of  the  tumour,  and  are  directly  irritated  by  it,  and  also,  although 
less  commonly,  in  the  parts  supplied  from  the  spinal  cord  below  the 
level  of  the  growth.  Thus  the  tumour  in  one  half  of  the  cord  in  the 
cervical  region  (shovm  in  Fig.  171)  caused  persistent  flexor  contracture 
in  the  arm  and  leg  on  the  side  of  the  growth,  and  in  the  early  stage 
of  dorsal  tumours  one  leg  only  may  be  rigid,  or  more  so  than  the 
other.  The  seat  of  rigidity  thus  needs  to  be  specially  noted,  as  well 
as  its  character,  if  we  are  to  obtain  from  it  diagnostic  guidance, 
because  it  may  be  due  to  the  irritation,  either  of  the  nerve-roots  or  of 
the  conducting  tracts.  Both  forms  sometimes  occur  before  loss  of 
power,  but  pain  generally  precedes  them. 

Paralysis,  of  gradual  onset,  is  almost  invariably  one  of  the  sym- 
ptoms. Paraplegia  is  the  most  common  form,  but  all  four  limbs  may  be 
paralysed  by  a  grov^h  in  the  cervical  region.  Very  commonly  one  leg 
becomes  weakened  before  the  other,  and  occasionally  one  arm  and  leg 
suffer  before  those  of  the  other  side.  Tumours  which  are  situated  in  the 
middle  line  or  in  the  centre  of  the  cord,  however,  usually  affect  both 
•ides  at  the  same  time,  and  the  effects  of  a  congenital  growth  may 
thus  sccompany  and  complicate  those  of  an  associated  syringo- 
myelia (q.  V,),  The  proiimal  paits  of  the  limbs  seem,  as  a  rule,  to  be 
first  affected,  although  exceptions  are  occasionally  met  with. 

The  palsy,  gradual  in  onset,  is  usually  also  slow  in  its  extension,  the 
rate  of  its  increase  depending  on  the  rate  at  which  the  tumour  grows 
and  compresses  the  spinal  cord.  This  is  the  characteristic  course  of 
the  paralysis  produced  by  a  tumour.  But  in  a  large  number  of  cases 
the  loss  of  power  comes  on  in  a  subacute,  or  even  au  acute,  manner,  in 
consequence  of  the  myelitis  excited  by  the  compression,  which,  in 
such  cases,  may  run  a  course  of  independent  rapidity.  When  the 
inflammation  is  thus  in  excess  of  its  cause,  the  palsy  may  lessen  as 
damage  from  the  inflammation  subsides  to  the  degree  of  the  damage 
from  pressure.  The  symptoms  that  depend  ou  compression  slowly 
but  surely  increase  as  the  tumour  grows,  and  usually  attain  a  high 
degree  of  intensity ;  the  loss  of  power  in  the  legs,  for  instance,  becoming 
absolute  and  remaining  so. 

Loss  of  sensation   may  come  on  with  the  loss  of  motor  power; 
more  often  after  this  has  become  considerable.     It  may  be  slight  or 
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partial  at  first,  occasionallj  for  a  long  time,  but  tends  to  become  com* 
plete  as  tbe  damage  to  the  cord  increases,  and  it  often  ascends  the  legs. 
It  corresponds  in  distribution  to  the  motor  palsj,  when  the  disease 
is  below  the  middle  of  the  dorsal  region ;  but  if  situated  higher, 
and  on  one  side,  tbe  sensory  loss  is  often  greater  on  the  side  opposite 
to  the  motor  paralysis.  Tumours  of  the  cord  furnish  a  considerable 
proportion  of  the  cases  in  which  the  crossed  symptoms  of  a  unilateral 
lesion  are  well  marked  (see  p.  229).  In  addition  to  the  loss  of 
sensation  which  results  from  the  damage  to  the  cord  itself,  areas  of 
anffisthesia  may  exist  in  the  region  supplied  by  the  nenres  which  are 
damaged  by  the  growth,  and  in  which  the  severe  radiating  pains  are 
felt.  If  there  is  crossed  sensory  and  motor  palsy,  these  root  symptoms 
exist,  chiefly  on  the  side  opposite  to  the  anaasthesia  in  the  limbs. 
Inco-ordination  of  movement  is  not  a  common  symptom  of  spinal 
tumours,  but  has  been  occasionally  met  with  in  cases  of  growth  in- 
vading tbe  posterior  columns,  and  also  as  a  result  of  multiple  tumours 
of  the  nenre-roots  (see  p.  428).  Loss  of  power  usually  coexists  and 
quickly  becomes  predominant  when  the  growth  is  in  the  cord. 

The  condition  of  reflex  action  depends  on  tbe  position  of  the  tumour. 
In  tbe  lumbar  enlargement  or  tbe  cauda  equina,  a  gpx>wth  abolishes 
reflex  action  in  the  legs,  and  in  any  position  the  trunk-reflexes  are  lost 
at  the  level  of  the  lesion.  But  when  the  disease  is  situated  higher  up, 
reflex  action  is  increased,  and  the  excess  of  cutaneous  reflex  action  is  a 
very  marked  and  early  symptom  of  the  disease ;  it  is  lessened]  and  lost 
only  when  the  lower  part  of  the  cord  is  damaged  by  secondary  myelitis 
(superadded  to  descending  degeneration  and  distinct  from  it).  The 
myotatic  irritability  presents  also  the  increase  that  invariably  results 
from  damage  to  tbe  pyramidal  tracts,  and  the  usual  tonic  spasm  also 
gradually  develops  and  often  reaches  a  high  degree.  Its  lou,  with 
muscular  relaxation,  sometimes  met  with  undt;r  these  conditions, 
depends  on  a  descending  myelitis,  sometimes  slight  and  partial.* 
Muscular  contracture  is  superadded  more  frequently  in  tumours  than 
in  many  other  diseases,  and  rigid  spasm  in  the  flexors  of  tbe  knee  and 
hip  may  keep  tbe  heels  in  contact  with  the  nates. 

Wasting  of  the  muscles  is  for  tbe  most  part  con6ned  to  the  regions 
supplied  by  the  damaged  nerve- roots.  In  tumours  of  the  lumbar 
enlargement  and  Cauda  equina,  the  atrophy  of  the  muscles  of  the  legs 
is  a  very  conspicuous  symptom.  Yaso-motor  disturbance  sometimes 
occurs  in  the  early  stage  of  the  disease,  chiefly  in  tbe  distribution  of 
irritated  roots,  where  flushing  of  the  skin  has  been  noted,  and  tbe  so- 
called  "  meniiigitic  streak**  (*•  tache  spinale**)  may  often  be  produced. 

*  As  was  found  to  be  the  case  by  Francotte  ('  Fibrome  de  U  Dure-ro^re  spioale,' 
Li^l^e,  .T888)  in  a  case  of  tumour  compressing  the  upper  dorsal  region.  Slight 
descending  inflammation  of  the  right  anterior  comu  coincided  with  flaccid  palsj  of 
the  right  leg.  It  should  have  been  mentioned  that  the  connection  of  a  simUar  loss 
of  myotAtic  irritability  with  descending  inflammation  in  dorsal  myelitis  (referred  to 
at  pp.  229  and  316)  has  been  proved  in  two  cases  by  Francotte  (loc.  cit.,  p.  9). 
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Oocarionallj  yaso-motor  oedema  is  a  conspicuous  earlj  symptom.  In 
the  later  stages,  bedsores  are  very  common  and  often  severe.  Dilatation 
or  contraction  of  tlie  pupil  is  common  when  a  tumour  is  situated  in 
the  lower  cervical  region.  Loss  of  control  over  the  sphincters  usually 
accompanies  motor  palsy  in  the  legs ;  their  state  corresponds  with  that 
of  reflex  action  (p.  224). 

The  course  of  the  symptoms  is  variable,  and  depends  on  the  rapidity 
of  growth  of  the  tumour,  and  on  the  share  which  secondary  myelitis 
takes  in  the  production  of  the  symptoms.  As  a  rule,  the  root  symptoms 
occur  first,  and  in  growths  outside  the  cord  they  may  exist  alone  for 
months,  and  even,  in  the  case  of  a  slowly  growing  tumour,  for  years, 
before  the  symptoms  of  damage  to  the  cord  itself  are  added.  On  the 
other  hand,  they  may  be  entirely  absent  in  growths  which  commence 
within  the  cord  itself.  In  some  cases  the  symptoms  are  steadily 
progressive  from  first  to  last.  In  others  the  progress  is  intermittent ; 
periods  of  increase  in  the  symptoms  alternate  with  stationary  periods. 
Their  course  is  variable,  even  in  cases  in  which  the  seat  of  the  tumour 
and  its  nature  are  the  same,  because  they  depend  on  the  secondary 
changes  in  the  nerve-elements,  and  the  course  of  these  (such  as  the 
myelitis  induced  by  pressure)  is*  subject  to  variations,  the  cause  of 
which  is  often  indistinct.  Thus  the  chronic  course  of  the  symptoms 
is  often  varied  by  periods  of  rapid  and  even  sudden  increase,  espe- 
cially in  the  case  of  growths  that  involve  the  spinal  cord  itself;  and 
symptoms  that  have  thus  developed  with  rapidity  are  apt  (as  already 
mentioned)  to  subside,  if  not  completely,  at  least  in  considerable 
degree.  Hence  a  rapid  increase  of  the  cord  symptoms  may  be 
followed  by  positive  improvement  for  a  time,  but  scarcely  ever  by  an 
actual  disappearance  of  the  manifestations  of  the  disease.  The  most 
important  element  in  the  course  of  the  disease  is  the  tendency  to  a 
lateral  extension  of  the  symptoms,  the  expression  of  the  transverse 
extension  of  the  damage,  as  the  several  structures  of  the  cord,  at  the 
same  level,  successively  suffer.  Although  there  is  sometimes  an  exten- 
sion downwards  of  the  interference  with  the  centrsil  functions  of  the 
cord,  when  secondary  myelitis  descends  to  the  lumbar  enlargement, 
there  is  scarcely  ever  an  extension  upwards  above  the  level  of  the 
initial  interference  with  function.  A  small,  slowly  growing  tumour, 
even  within  the  cord,  sometimes  causes  no  symptoms. 

The  chief  differences  between  the  symptoms  of  tumours  of  the  cord 
and  membranes,  besides  those  mentioned  on  p.  550,  are  that,  in 
the  latter,  the  root  symptoms  are  more  often  severe,  and  that  the  cord 
symptoms  occur  later,  and  are  at  first  more  limited  in  extent.  Spinal 
pain,  tenderness,  and  rigidity  are  more  common.  In  cord  tumours  the 
radiating  pains,  due  to  irritation  of  the  nerve-roots,  are  more  often 
trifling  or  absent,  unless  the  growth  begins  in  the  neighbourhood  of 
the  posterior  horn ;  then  they  may  be  pronounced.  The  cord  symptoms 
are  often  bilateral  from  the  first,  and  in  central  tumours  they  may 
develop  equally  on  the  two  sides.    If  they  are  unilateral  at  the  onset 
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thej  extend  to  the  other  side  sooner  than  in  the  cmse  of  mmtngcal 
growths.  In  the  case  of  tubercular  growths  the  sjmptoms  of  irrita- 
tion are  nsuallj  subordinate  to  those  of  impaired  eonduetion,  and 
pain  is  felt  chieflj  in  the  legs  (Herter).  Exteosire  mnscohur  atrophj 
is  more  oommon  in  tumours  of  the  cord  than  in  those  of  the  membnuies 
(except  in  the  case  of  tumours  of  the  cauda  equina),  because  central 
tumours  maj  damage  the  grej  matter  through  a  considerable  Tertical 
extent,  and  are  most  common  in  the  enlargements,  and  also  because 
mjelitis  spreads  in  the  grej  matter  far  more  frequeutlj  when  the 
excitiog  growth  is  in  the  cord  itself,  than  when  it  is  in  the  mem- 
branes. 

In  tumours  of  the  cerfical  region,  the  interference  with  mofement 
of  the  neck,  from  the  rigidity  of  the  mnscles,  is  often  well  marked, 
especiallj  when  the  tumour  is  in  the  membranes.  The  pains  due  to 
irritation  of  the  nerres  are  felt  in  the  arms,  and  are  often  associated 
with  muscular  atrophy.  The  exoess  of  reflex  action  in  the  legs  is  vexy 
great,  and  if  the  influence  of  the  tumour  is  chieflj  on  one  side, 
bemiplegic  weakness,  with  crossed  ansBsthesia,  is  present. 

Qrowths  in  the  dorsal  region  of  the  cord  usually  cause  serere 
radiating  pains  in  the  trunk,  often  accompanied  by  an  intensely  painful 
sense  of  constriction,  by  hyperaesthesia,  and  sometimes  by  anasthesia. 
The  simple,  merely  sloping  course  of  the  dorsal  nerres  reveals  the  pre- 
cise position  of  the  disease  more  clearly  than  do  the  symptoms  in  the 
arms  when  the  tumour  is  in  the  oerrical  region.  The  interference  with 
the  trunk-reflexes  often  corroborates  the  indications  afforded  hj  the 
subjective  symptoms.  Spinal  tenderness  may  be  also  present,  but 
rigidity  of  the  spinal  muscles  is  not  common.  Beflex  action  in  the 
legs  presents  the  same  excess  that  results  from  tumours  in  the  cerrical 
region,  but  sometimes,  especially  when  the  growth  is  near  the  lumbar 
enlargement,  or  the  pressure- myelitis  Las  been  acute,  the  dei^oending 
myelitis,  as  we  hare  seen,  may  abolish  the  reflex  action  and  remofs 
spasm,  if  this  preriously  existed. 

The  symptoms  produced  by  tumours  which  inrolve  the  lumbar 
enlargement,  vary  considerably  according  to  the  precise  position  of 
the  growth.  The  characteristic  pains  are  felt  in  the  legs,  and  the 
muscles  supplied  from  the  part  invaded  or  compressed  undergo 
atrophy,  and  present  loss  of  reflex  action  and  of  myotatic  irritability; 
but  the  anaesthesia  is  often  limited  in  area.  A  growth  in  the  upper 
part  of  the  enlargement  may  cause  wasting  only  in  the  flexors  of  the 
hip  and  extensors  of  the  knee,  with  loss  of  the  knee-jerk  and  anses- 
thesia  in  the  front  of  the  thigh,  while  the  muscles  below  the  knee 
present  simple  palsy  with  myotatic  excess.  Thus  a  man,  who  had  had 
syphilis,  complained  of  pain  in  the  left  groin  and  thigh,  and  presented 
wasting  of  the  extensors  of  the  knee,  with  ansesthesia  in  the  front 
of  the  thigh  ;  there  was  loss  of  the  left  knee-jerk,  and  a  foot-clonus 
oil  each  side.  He  recovered  partially,  but  there  was  doubtless  a 
fiiuall  syphiloma  at  the  upper  part  of  the  lumbar  enlargement  on 
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tbe  left  side,  iDterrupting  the  reflex  arc,  damaging  tlie  left  motor  and 
sensory  roots,  and  compressing  both  pyramidal  tracts.  A  growth 
in  the  membranes  adjacent  to  the  middle  or  lower  part  of  the  lumbar 
enlargement  usuallj  causes  symptoms  of  wide  distribution,  affecting 
the  whole  of  both  legs,  and  the  early  symptoms  of  irritation  often 
in?olYe  the  distribution  of  the  upper  lumbar  nerres.  But  a  growth 
at  the  same  level  within  the  cord  may  affect  chiefly  the  muscles  of  the 
lower  leg,  and  cause  anaesthesia  in  the  region  supplied  from  the  sacral 
plexus.  There  may  also  be  palsy  and  wasting  of  all  the  muscles  of 
both  legs,  from  extensive  secondary  myelitis,  but  even  then  the  sensory 
loss  is  usually  limited.  In  lumbar  tumours  there  is  early  palsy 
of  the  bladder  and  sphincters.  Examination  of  the  sphincter  ani 
shows  absolute  paralysis,  and  not  the  pure  reflex  action  present  when 
the  disease,  arresting  voluntary  influences,  is  higher  up  the  cord. 
The  tendency  to  bedsores  is  commonly  strong  in  tumours  of  this  part. 

Growths  situated  in  the  cauda  equina,  which  are  below,  and  do  not 
affect,  the  cord  itself,  produce  symptoms  very  similar  to  those  due  to 
tumours  of  the  lumbar  enlargement,  but  the  symptoms  are  bilateral 
from  the  first  in  the  majority  of  cases.  Barely  one  leg  is  affected  alone 
at  the  outset.  The  symptoms  usually  begin  in  the  lowest  parts  of  the 
legs,  which  are  throughout  involved  in  greater  degree  than  the  upper 
parts,  and  the  flexors  of  the  hip  may  escape  altogether.  Muscular 
contraction  is  much  less  common  than  in  tumours  situated  higher  up. 
The  ansesthesia  is  chiefly  in  the  region  supplied  by  the  sacral  plexus ; 
the  pains,  usually  very  severe,  are  first  felt  in  the  same  region,  and 
there  may  be  severe  pain  on  each  side  of  the  sacrum  radiating  to 
the  region  of  the  sciatic  nerves.  The  muscles  below  the  knee  rapidly 
waste,  and  often  (but  not  always)  present  the  degenerative  reaction. 
These  symptoms  were  well  marked  and  characteristic  in  the  case  figured 
and  described  at  p.  546  (Fig.  168),  and  the  condition  of  the  muscles 
suggests  that  the  absence  of  any  voltaic  irritability  in  the  muscular 
fibres  was  due  to  their  early  and  intense  fatty  degeneration.  In  many 
<-ases  the  symptoms  are  irregular  in  distribution,  the  nerves  are 
included  in  the  growth,  and  are  often  damaged  unequally,  sometimes 
less  than  might  be  expected  from  the  size  of  the  tumour,  which  may 
be  considerable  before  its  expansion  is  arrested  by  contact  with  the 
bony  walls  of  the  canal.  Hence  the  loss  of  sensation  may  be  partial, 
and  reflex  action  may  not  be  completely  abolished.  In  the  case  above 
mentioned,  for  instance,  a  prick  on  the  sole  caused  a  reflex  contraction 
of  the  muscles  in  the  upper  parts  of  the  legs,  bnt  of  these  alone.  In 
many  cases,  however,  the  loss  of  sensation  has  been  absolute,  and  reflex 
action  also  has  been  entirely  lost.  The  tendency  to  trophic  changes  is 
great,  and  an  affection  of  the  sphincters  is  almost  invariable.  Cystitis 
and  its  consequences  readily  occur,  and  may  reach  a  high  degree,  in 
consequence  of  residual  accumulation,  when  the  patient  is  conscious 
only  of  slight  difficulty  of  micturition. 

Multiple  tumours  may  give  rise  to  very  complex  symptoms.     If 
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there  are  onlj  two  tumours,  thej  maj  be  indicated  bj  tbe  flucoessire 
development  of  focal  symptoms,  similar  in  character  but  different  in 
seat.  In  some  cases  in  which  there  are  many  growths,  only  one  or 
two  of  the  largest  have  caused  symptoms,  and  the  smaller  tumours 
have  run  a  latent  course.  In  other  cases  in  which  many  tumours 
have  caused  slight  symptoms,  these  have  simulated  closely  a  system- 
disease  of  the  cord.  Thus,  in  tbe  remarkable  case  recorded  by  Hughes 
Bennett,  multiple  growths  on  the  posterior  nerve- roots  produced 
the  characteristic  manifestations  of  locomotor  ataxy.*  When  cerebral 
tumours  have  coexisted  with  multiple  spinal  growths,  the  symptoms  of 
the  latter  have  usually  been  lost  in  those  of  the  intra-cranial  disease, 
which  has  often  preceded  the  spinal  lesion. 

The  duration  of  the  symptoms  of  tumours  of  the  cord  and  mem- 
branes, those  of  syphilitic  nature  being  excluded,  varies  from  three 
months  to  five,  or  even  ten  years.  Equally  variable,  but  shorter,  is 
the  time  that  elapses  before  the  symptoms  reach  their  full  develop- 
ment, which  depends  partly  on  the  secondary  inflammation,  partly  on 
the  rate  of  growth  of  the  tumour.  From  the  former  cause,  the  time 
may  be  only  a  few  days,  when  the  myelitis  is  acute ;  from  the  latter 
it  may  be  as  short  as  three  or  four  weeks,  in  tumours  of  tubercular  or 
t^yphUitic  nature.  In  the  majority  of  cases,  death  ensues  at  the  end 
of  from  one  to  three  years  from  the  commencement  of  the  symptoms, 
but  these  last  longer  when  the  growth  is  outside  the  dura  mater  than 
when  inside  the  sheath.  The  immediate  cause  of  death  is  usually  the 
direct  or  indirect  effect  of  the  tumour ;  but  in  syphilis  death  is  some- 
times due  to  disease  elsewhere,  and  in  tubercle,  frequently  to  general 
pulmonary  tuberculosis  (which  usually  precedes  the  spinal  gru.rth), 
or  sometimes  to  meningitis. 

Diagnosis. — The  evidence  of  a  growth  consists  in  the  symptoms  of 
a  focal  lesion  of  slow  development,  and  especially  in  the  presence  of 
signs  of  compression  and  irritation  (pain  and  rigridity),  while  the  sig* 
uificance  of  these  is  increased  by  indications  that  the  disease  began  at 
the  surface  of  the  cord^  an  i  sometimes  by  the  history  of  a  cause,  as 
syphilis.  Although  no  symptom  is  actually  pathognomonic,  yet  the 
cv>mbination  of  the  symptoms,  and  their  course,  are  in  most  cases 
sufficiently  characteristic.  Those  of  greatest  diagnostic  importance 
are,  fin»t,  the  \s^n  that  is  felt  in  the  parta  at  the  level  of  the  tumour, 
or  below  it,  and  sometimes  in  the  spine ;  secondly »  the  progressive 
iMUMlysis,  motor  and  sensory.  Of  less  but  still  ooDsiderable  importance 
are  the  rigidiij  of  the  muscles  of  the  spine,  the  muscular  contractions 
in  tht>  limbek  and  the  earlv  and  marked  eicess  of  reflex  action  when 
the  ivrxi  itself  is  involve.  In  tLe  course  of  tbe  disease  the  most 
important  features  an^  the  steady  progress  of  the  symptoms,  and 
e^i^ecialiv  theircomzirCvvznrct  on  one  side  and  extension  to  the  other. 
O:  cau5  I  ludiojitious  tha:  occasiona.lv  aisist  the  di^goosis,  the  most 
m:^v::aLi  are  a  h:>:orT  of  ccxst.tutioDal  syphilia^  the  presence  of 
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tnbercalar  disease  elsewhere,  and,  ia  rare  instances,  tbe  existence  in 
other  parts  of  such  multiple  growths  as  are  known  to  occur  also  within 
the  spinal  canai,  especially  multiple  sarcomata  and  neuromata. 

The  diagnosis  of  multiple  growths  depends  on  the  recognition  of  the 
successive  dcTelopment  of  the  characteristic  symptoms  in  more  than 
one  focus.  It  is  rare  for  more  than  two  of  many  tumours  to  cause 
definite  symptoms.  The  greatest  absolute  difficulty  in  the  diagnosis 
of  a  spinal  tumour  is  presented  by  the  cases  sometimes  met  with,  in 
which  an  intra-cranial  tumour  precedes  the  growth  within  the  Tcrtebral 
column,  and  the  svmptoms  of  the  latter  are  overlooked  in  the  presence 
of  the  severe  manifestations  of  the  former.  In  most  cases,  however, 
the  additional  symptoms,  which  usually  exist,  may  be  detected  by 
careful  observation,  and  their  significance  recognised.  Growths 
involving  the  cauda  equina  cause  svmptoms  like  those  of  tumours  in 
the  lumbar  enlargement,  save  that  the  effects  are  from  the  first 
bilateral  in  even  more  pronounced  degree,  and  the  evidence  of  inter- 
ference with  the  nerves  (loss  of  reflex  action,  nerve  pain,  &c,)  is  even 
more  conspicuous. 

The  differential  diagnosis  involves  the  distinction  from  diseases  of 
the  vertebral  bones,  of  the  membranes,  and  of  the  cord  itself.  Caries 
of  the  spine  has  many  symptoms  in  common  with  tumour,  but  the 
root-pains  are  rarely  very  severe,  and  the  effects  of  compression  of  the 
cord  are  usually  bilateral,  either  from  the  first  or  very  soon  after  their 
commencement;  the  paralysis  seldom  reaches  a  considerable  degree  in 
one  leg  before  the  other  suffers.  The  signs  of  bone  disease  are  rarely 
long  absent,  and  repeated  examination  usually  reveals  tenderness  and 
irregularity  of  the  vertebral  spines.  From  growths  in  the  bones  of 
the  spinal  column,  the  diagnosis  may  at  first  be  impossible.  But  the 
pain  of  tumour  is  rarely  increased  by  movement  to  the  same  intense 
degree  as  when  the  growth  commences  in  the  bone,  unless  the  tumour 
is  in  the  cervical  region  of  the  cord,  and  then  the  greater  accessibility 
of  the  vertebral  column  renders  the  exclusion  of  bone  growths 
comparatively  easy  by  local  examination.  In  the  dorsal  region  a 
growth  in  the  bone  may  long  escape  detection,  but  even  here  the 
influence  of  movement  on  the  pain  is  often  extreme,  far  greater  than 
in  the  case  of  tumours  within  the  canal.  The  effect  of  the  movement  of 
the  vei-tebrse  on  the  nerve-roots,  when  compressed  as  they  pass  through 
the  foramina,  is  far  greater  than  when  they  are  compressed  within  the 
canal.  Sooner  or  later  a  local  enlargement  may  present  itself 
externally,  and  show  the  nature  of  the  case. 

'*  Hypertrophic  pachymeningitis,"  affecting  the  cervical  region,  is 
the  only  meningeal  disease  which  closely  simulates  the  symptoms  of 
tumour,  but  its  effects  are  usually  from  the  first  bilateral,  and  they 
have  a  considerable  vertical  extent.  Hence  it  is  only  with  central 
tumours,  which  grow  through  several  inches  or  more  of  the  cord,  that 
the  disease  is  likely  to  be  confounded.  In  each  malady  there  may  be 
muscular  atrophy  in  the  arms,  and  paralysis,  without  wasting,  in  the 
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\"'j!;n  n^it  in  central  tnmoiirH  tbo  pains  in  the  arms  are  nsnalW 
in\u-h  HU'j^hfifT  than  in  the  thickenini^  of  the  membrane,  and  there ia 
y:ir*']y  l,h*»  »-arly  and  limited  impairment  of  all  forma  of  sensation 
wfiifth  p'Miilts  from  the  damage  to  the  nenre-roots  in  the  latter  diseaie. 
'J'hiK  iH  also  trnt*  of  syringo-myelia,  in  which  tactile  sensibilitj  usually 
|K'r-»iHtM.  althontfh  untypical  cases  may  present  much  diflficulty.  The 
«lijit,'noMi'j  is  considered  more  fully  in  the  account  of  that  disease. 

'I'he  afT^'ction  of  the  cord  its^^lf  which  most  closely  simulates  the 
'<yiiiptom«i  of  tnmonr  is  a  very  chronic  transTerse  myelitis.  In  such 
it.  cHAf^.  liH  thnt  shown  in  Fig.  104,  p.  338,  the  diagnosiis  may  be  a  matter 
*.\'  oxtrt^rnp'  «litnriilty.  The  radiating  pains  in  this  case  were  severe 
.iu(\  hiOu\,  and  the  limitation  of  the  symptoms,  for  a  long  time,  to  one 
H\i\(',  wii  h  crossed  sensory  and  mot^)r  palsy,  presented  an  almost  perfect 
aiialocry  to  tlie  effects  of  a  growth.  But  it  is  very  rare  for  severe 
,iiid  iicntf  nidiating  pains  to  result  from  focal  myelitis,  although  a 
jjiinfiil  sense  of  conslrirtion  is  common;  moreover,  in  tumour,  one 
half  of  the  cord  seldom  suffers  severely  without  the  functions  of  the 
ot  her  half  also  being  very  soon  impaired  in  some  degree.  The  limitation 
of  chronic  myelitis  to  a  single  focus  is  also  very  unusual ;  a  consider- 
able verti<*al  extent  of  the  cord  is  usually  involved  in  varying  degree. 
I  fence  the  y>ractical  difficulty  in  diagnosis  is  not  so  great  as,  at  first 
sii^ht,  miirht  ap{>ear.  Acute  or  subacute  myelitis  can  only  be  con- 
fonndM  with  a  growth  in  cases  in  which  inflammation  results  from 
pressure,  and  d**velops  with  independent  energy  and  rapidity.  In 
such  cases  the  occurrence  of  myelitis  must  be  recognised,  and  tie 
«liai^08tic  problem  is  the  detection  of  the  preceding  symptoms  of  the 
L,M'owth  that  excites  the  indamniation.  This  is  usually  easy;  the 
severe  pains,  and  «'ommoiily  also  the  slighter  symptoms  of  paralysis, 
whirh  existed  before  the  rapid  increase  in  the  loss  of  power,  are  suffi- 
cient ]>roof  of  a  chronic  morbid  process,  to  which  the  inflammation  is 
secon«iary. 

The  early  pains  are  often  thought  to  be  neuralgic,  but  their  constancy 
and  continuance  should  suirgest  organic  irritation;  their  seat,  moreover, 
is  rarely  that  in  which  neuralgia  is  common.  The  pain  produced  by 
tumours  of  the  eauda  equina  is  often  felt  first  in  the  sciatic  area,  and 
tlioujrht  to  l>e  sciatica  ;  but  they  are  commonly  from  the  first  bilateral, 
while  sciatica  is  almost  invanably  one-sided,  and  bilateral  sciatic  pain 
should  always  suggest  irritation  where  the  sensory  fibres  from  both 
sides  are  near  together,  and  can  be  irritated  by  a  single  cause,  t.s. 
ic  should  suggest  disease  within  the  vertebral  canal.  In  all  cases, 
however  dubious  the  early  pains  may  be,  other  symptoms  soon  become 
added,  and  prove  that  there  is  more  than  a  simple  neuralgia.  But  the 
rtfect  of  the  organic  disease  on  other  parts  of  the  nervous  system  may 
evoke  any  functional  derangement  to  which  the  patient  is  predisposed, 
and  it  is  most  important  not  to  permit  the  diagnosis  to  be  thereby 
misled,  or  the  gravity  of  organic  symptoms  to  be  under-estimated.* 
*  Thus  the  patient  from  whom  the  tumour  wm  removed  (tee  p.  661)  had  once  had 
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If  the  existence  of  a  tumour  is  clear,  two  questions  remain — its  seat 
and  nature.  The  interference  with  the  elements  of  the  cord  shows 
its  lateral  seat,  but  this  is  of  small  practical  importance  compared 
with  the  evidence  of  its  vertical  position,  in  anj  case  in  which  an 
operation  is  contemplated.  The  latter  is  indicated  bj  the  level  of  the 
transverse  symptoms,  especially  the  upper  level  of  the  sensorj 
or  motor  loss,  or  sensory  irritation  ;  but  it  is  of  special  importance  to 
note  that  the  growth  is  often  above  this,  and  never,  or  almost 
never,  lower.  It  may  be  even  a  distance  of  three  or  four  vertebrsa 
above  the  pair  of  nerves  corresponding  to  the  highest  level  of  the 
ansBsthesia  or  pain.  This  discrepancy  is  especially  noticeable  when  the 
growth  is  in  the  cord ;  it  is  least  when  the  tumour  is  extra-dural ;  and 
if  this  is  so  seated  as  to  affect  a  nerve  on  one  side,  there  is  often  a 
strict  correspondence  between  the  symptoms  and  the  situation  of  the 
lesion.  It  is  explained  by  the  upward  course  of  many  posterior  root- 
fibres. 

The. nature  of  the  tumour  is  also  of  great  practical  importance  in 
many  cases.  If  the  patient  has  had  constitutional  syphilis,  the 
syphilitic  nature  of  the  growth  is  highly  probable,  and  the  probability 
is  further  raised  in  degree  if  the  growth  developed  rapidly,  so  that  the 
symptoms  attained  a  considerable  intensity  in  less  that  three  months 
from  their  onset.  The  coexistence  of  a  cerebral  lesion  also  increases 
the  likelihood  of  the  syphilitic  nature  of  the  growth.  Either  of  the 
last  two  considerations  suggests  the  same  conclusion  in  any  case  in 
which  syphilis,  although  not  proved,  is  possible;  but  it  must  be 
remembered  that  cerebral  and  spinal  tumours,  of  other  than  syphilitic 
nature,  may  coexist.  In  the  same  way,  tubercular  and  scrofulous 
processes  suggest  the  tubercular  nature  of  a  tumour,  and  this  is 
further  supported  by  early  adult  age,  by  rapidity  of  course,  by  the 
speedy  extension  of  the  symptoms  to  the  second  side,  by  the  slightness 
of  evidence  of  irritation,  and,  in  some  cases)  by  periods  of  arrest  of  the 
progress  of  symptoms  that  were  slow  in  their  development.  Such 
arrest  indicates  an  arrest  of  the  growth  of  the  tumour,  which  we  cannot 
infer  from  the  subsidence  of  symptoms  that  developed  rapidly,  and  may 
have  been  due  to  secondary  inflammation.  When  a  rapid  onset  is  due 
to  this  cause,  irritation  symptoms  are  usually  pronounced.  Tumours 
elsewhere  always  constitute  strong  evidence  of  the  nature  of  one  in 
the  cord,  but  such  an  indication  is  rarely  available,  since  the  spinal 
canal  is  rarely  the  seat  of  secondary  growths.     Multiple  tumours  are 

■ome  conTnlflive  attacks,  and  the  intense  pain  dne  to  the  g^wth  having  canted 
slight  mental  ■ymptoms,  I  was  asked  to  see  him  to  decide  the  qnestion  of  the 
hysterical  nature  of  the  affection.  The  fact  is  pecnliarlj  instructive  from  a 
diagnostic  point  of  view.  Not  less  so  is  a  case  of  central  glioma  in  a  girl  (sent 
to  me  hj  Mr.  P.  B.  Mason,  of  Barton-on-Trent),  in  which  a  central  growth  in  the 
cervical  region  extended  np  into  the  medulla,  and  caused  at  last  oniYersal  palsy. 
The  first  symptoms  immediately  followed  severe  mental  disturhance ;  to  this  they 
were  naturally  ascrihed.  and  thought  to  be  funCiiouaL  ▲  siuiilar  sequence  is  met 
with  in  cerebral  tamours  {q,  v.). 

i 
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j-BmitMna.    la  the  aWnce  of  these  indici 

m  proUiblj  a  UKoma,  perhaps  fibruiu  <l 

■^  lie  cord  is  probably  a  glioma,   becaoi 

growths  in  those  BitaatioiiB.     Adiagnoi 

,  «<  occurrence  has  neceaaaril;  onJj  a  L 

nd  atut  be   Bometimes  wrong;  but  it   marl 

"  *e  growth  is  one  of  two  or  three  kinds,  and  | 

■Uc  practical  value.      To    the  sui^on   tba  I 

'  tomoar  is  syphilitic,  or  can  be  ivniOTed, 
MMHniT  nott  grave.  Of  all  syphilitic  lesions,  1 
I  4m  «a»  most  amenable  to  treaimenl.  and  the 
1^  4«ttinlf  pass  awaj,  if  thej  Lave  not  re.iched 
«  h^mi  too  long  a  lime.  If,  however,  the  damage 
v>  mmmim  nachetked  for  several  mouths,  recovery 
of  most  other  kiuds  steadily  increase,  and 
gi*' «  «n  t^  whole  BtCiidilj  progresBiTe,  altbongh  iti  ! 
Bid  Wa4ages  of  rapid  (myelitic)  increase  ia  tiMj 
i  ^  Xationary  periods  and  even  by  t 
■Ikom  of  growths  outside  the  cord,  the  p 
■Mk  Iks  gloomy  by  the  progress  of  surgi 

Ite  (Towth  is  syphilitic,  appropriate  tiea?!! 

•*  prompt,  so  as  to  effect  Borne  diminution  of 
as  pMBible,  since  the  louger  this  continues 


•SB  the  degenertitive  changes,  and  the  lunger 
m  thd  influence  of  a  few  days  bf^fore  treatment 
^ib  a  difference  of  weeks  in  the  duration  of 
iW  di^ree  of  ultimate  recovery.  Whenever 
atUMwr.  and  syphilis  is  possible,  it  is  most 
■  tRmtment  should  be  employed ;  it  can  do  no 
ast  ^phililic,  and  may  save  the  patient's  life 
only  beexL'luded  when  there  haa  been 
la  Bany  cases  of  Ute  sjpliilitic  lesions  ther» 
^philia.  and  in  others  there  is  no  history 
t  it  k  a  ;jriori  certain  that  in  some  cases  of 
%^iMH9«tkaCh  primaiy  sore  and  secondary  syuipl^nu 
of  fact,  such  cases  are  met  with  not 
cues  cannot  be  counted  as  syphiiitio 
iato  the  influence  of  this  disorder,  but 
lo  allow  weight  to  considerations  which 
,  aeientific  investigation,  and  treatmrnt 
^  ^••••pwsihilily  of  syphilis  is  often  justified  by  its 
^pm^lHaMnan  also  amenable  to  treatment  to  soma 
A^  «•  MM  SHW  to  be  of  much  pmctical  importanoo. 
I  Aj^^  s*"*  ■•  **■  '^'*  1'"^*^  more  than  troat  symptoms, 
.^a  V  MdfeCL<«a.  watching  the  state  of  the  bhidder! 
^    twMtPitnsf  of  eystitis,  and  guarding  the  patient 
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from  bedsores.  We  must  remember  that  sedatiTOs  will  probably  be 
needed  for  a  long  time,  and  they  must  therefore  be  used  as  sparioglj 
as  possible,  lest  custom  and  tolerance  deprive  them  of  their  power. 
Cocaine  maj  be  used  in  manj  cases  as  an  aid  in  economising  the  influ- 
ence of  morphia. 

But  many  tumours  within  the  spinal  canal  maj  be  remored,  at 
anj  rate  if  thej  are  outside  the  substance  of  the  cord.  The 
anticipation  that  such  growths  would  be  found  removable  was  ex- 
pressed in  the  first  edition  of  this  book  (1886),  in  words  that  maj 
be  quoted  because  they  were  soon  afterwards  realised: — ''Modern 
methods  render  the  opening  of  the  spinal  canal  far  less  formidable 
than  it  formerly  was,  and  the  removal  of  a  tumour  from  the  mem- 
branes of  the  cord  would  inrolve  less  immediate  danger  of  serious  con- 
sequences than  the  removal  of  a  tumour  from  the  brain." 

On  the  other  hand,  growths  within  the  spinal  cord  are  in  a  very 
different  position  in  regard  to  surgical  procedure,  since  the  removal  of 
such  a  tumour  could  hardly  fail  to  cause  a  traumatic  inflammation 
that  would  damage  and  perhaps  destroy  all  the  elements  of  the  cord  at 
the  spot,  and  would  probably  be  permanent  in  its  effects,  especially 
when  these  structures  have  already  suffered  from  pressure.  At  the 
same  time  the  early  removal  of  a  small  growth  might  possibly  be 
followed  by  the  regeneration  of  conducting  fibres  that  are  on  the  other 
side  of  the  organ,  and  the  return  of  their  function,  lost  only  through 
the  effects  of  pressure. 

In  a  man  with  complete  paraplegia,  motor  and  sensory,  of  slow 
development,  accompanied  by  attacks  of  agonising  spasm,  a  diagnosis 
of  tumour  led  me  to  advise  the  removal  of  the  growth.  This  was  done 
by  Mr.  Horsley,  and  the  result  has  been  the  permanent  recovery  of  the 
patient.  Although  the  intense  spastic  paraplegia  showed  that  there 
must  have  been  complete  degeneration  of  the  pyramidal  fibres,  every 
indication  of  this  has  passed  away.  The  tumour  was  a  myxo-fibroma, 
about  the  size  of  a  split  almond,  which  had  so  compressed  the  cord  in 
the  upper  dorsal  region  as  to  reduce  its  thickness  to  about  one  half.  It 
was  within  the  dural  sheath,  and  adherent  to  the  cord.*  It  is  certain 
that  many  growths  might  be  removed  without  difficulty,  and  with  a 
secure  result,  although  only  one  instance  has  been  since  recorded.  In 
this,  the  tumour  was  a  lymphangioma  cavemosum,  situated  outside  the 
dura  mater,  over  the  cauda  equina.f 

In  connection  with  an  operation,  a  question  sometimes  arises  that 
is  of  very  great  importance,  and  often  of  equal  difiiculty.  The  sym- 
ptoms are  consistent  with  the  syphilitic  nature  of  the  growth ;  and  this 
cause  and  nature  cannot  be  excluded,  except  by  the  disproof  afforded 
by  the  inutility  of  treatment.     But  it  is  essential  that  this  disproof 

*  The  details  of  the  opemtion  are  full  of  instmetion  in  reference  to  niniUr 
procKtures  and  are  given  in  the  account  ef  the  caie  in  the  '  Med.-Chir.  Trana.,' 
vol.  Ixxi,  1888.     The  surgical  aspect  of  the  subject  is  too  large  to  be  entered  on  here. 

t  By  Lnquer,  of  Friiukfort.n.-M.,  'Nenr.  Cent.,'  1891,  p.  193. 
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should  be  afforded  before  an  operation  is  decided  on ;  and  tlie  qoestion 
arisen,  how  long  should  be  allowed  for  this  process  of  practical eidnsioiif 
— how  long  should  treatment  be  continued  witlioot  resnlt  to  jostifj 
the  last  resort  P  It  needs  to  be  longer  when  the  sjmptoms  afe  of  con- 
siderable duration  than  when  thej  are  recent,  since  secondary  changes 
of  long  duration  cannot  be  qoickl j  remoTcd.  l^me  is  needed  in  ererj 
instance  to  permit  a  trustworthj  conclusion,  bnt  a  month  is  probablj 
alwajs  enough  to  enable  a  resnlt  to  be  reached  that  will  justify  either 
further  delaj  on  the  one  hand,  or  immediate  procedure  on  the  other. 
I^nallj,  one  injunction  given  bj  Mr.  Horslef  maj  be  wnphaticaDj 
endorsed.  If  it  is  dear  that  the  growth  is  not  sjphilitie,  and  that  do 
good  can  be  done  bj  other  treatment,  delay  in  an  operation  can  onlj 
cause  harm— can  only  result  in  a  less  farorable  state  for  the  proceed- 
ing, less  chance  of  recovery,  less  degree  of  recoTery,  longer  and 
greater  suffering,  and  should  on  erery  ground  be  aroided. 


CAVrriES  AND  FISSURES  IN  THE  SPINAL  COED 

(STamOO-MTnLIA,  HTDSOXTKLXA,  HTDBOKBHACBtS   UFTEXMA). 

Carities  in  the  spinal  cord,  distended  with  liquid,  are  met  with  at 
all  a^^fs,  and  those  which  present  certain  features,  and  often  cause 
certain  symptoms,  are  now  known  by  the  abore  terms.  The  following 
figures  illustrate  the  most  important  iMCtM  regarding  this  morbid  state, 
and  its  somewhat  complex  conditions  wUl  be  best  understood  by  ood- 
sidering  the  appexrances  presented  in  these,  and  their  significance, 
as  described  in  the  explanations. 

The  term  **  STnngo-mjelia**  is  applied  to  all  carities  in  the  cord 
with  well-defined  limits ;  but  the  msjority  of  these  (with  the  exception 
of  such  as  exist  in  tumours  of  manifestly  different  nature),  whaterer 
their  condition  or  form,  or  the  changes  they  hiTe  undergone,  are  sor- 
roonded  by  a  layer  of  embryonal  neuroglial  tissue,  and  outside  this 
the  white  substance  of  the  cord  is  deficient  in  amount.  Whererer 
met  with«  or  whaterer  the  secondary  changes  the  tissue  presents,  this 
fact  of  enTironment  stamps  the  carity  or  carities  (for  there  may  be 
two)  as  cvcpeiital,  because  this  aboormal  material  is  due  to  a  per- 
sistence of  the  emlcjoikal  tissue  froui  which  the  cord  is  developed. 
The  carities  are  thus  due  P^ltiIj  to  defectire  closure  of  the  tube  which 
is  first  fonoEied  (residTisl  portions  of  which  become  distended  by 
acMimulaticai  of  liquid ;.  aoi  pi^y  to  the  breaking  down  of  this  per- 
sistent edbrronal  tissue  or  to  tissue  formed  from  it  by  a  process  of 
irrn.'v:h.  Morsorer  the  coid  sometimes  suffers  serious  damage  from 
pressure,  owin^  to  the  dls^rzlsi•:»n  of  the  carity  by  the  liquid  which 
accumulates  within  it.  or  by  growth  of  the  adjacent  tissue.     The  con- 
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dition  is  not  rare,  but  ia  often  overlooked,  especially  in  its  slighter 
forms,  and  is  readily  misinterpreted  when  it  is  associated  with  acquired 
disease — as  in  the  condition  illustrated  in  Fig.  105,  p.  889,  which  is 
Tery  instructire  in  this  connection.  The  term  "  Hydromyelia  "  has 
been  applied  to  the  si  oi pier  forms,*  in  which  the  cavity  is  merely  the 
dilated  central  canal ;  but  as  there  is  no  real  difference  between  this 
and  other  varieties,  the  designation,  being  unnecessary  and  even  mis- 
leading,  is  falling  iuto  disuse. 

To  understand  the  origin  of  these  conditions  it  is  necessary  to 
remember  the  mode  of  development  of  the  spinal  cord.    The  sides  of 
the  primitive  furrow  of  the  embryo  coalesce,  so  as  to  form  a  canal  of 
relatively  larg^   size,  the  walls  of  which  are  thinner  in  front  and 
behind  than  at  the  sides,  and  consist  of  elongated  cells,  some  of  which 
are  arranged  regularly  at  the  inner  surface  of  the  cavity,  like  an 
epithelium.     The  anterior  wall  first  becomes  thickened,  to  form  the 
white  commissure  and  the  front  part  of  the  grey,  while  an  abundant 
growth  of  cells  occurs  at  the  sides  of  the  tube,  and  extends  forwards 
(t.  e.  downwards  in  the  position  of  the  embryo),  thus  forming  the 
lateral  and  anterior  columns ;  between  these  two  projections  is  the 
depression  of  the  anterior  fissure.     Next  occurs  a  growth  backwards 
of  the  now  thick  sides,  which  forms  the  posterior  parts  of  the 
lateral  columns  and  the  adjacent  part  of  the  posterior  columns,  and 
with  this  the  posterior  roots  are  connected ;  this  forms  the  ''  root- 
zone  "  of  the  posterior  columns.     The  posterior  median  columns  are 
formed  later.     The  central  canal  extends  backwards  between  these 
two  rudimentary  postero-external  columns,  being  closed  behind  only 
by  a  thin  layer  of  cells.     As  the  posterior  columns  increase  in  thick* 
ness  the  posterior  part  of  the  canal  becomes  narrowed,  and  its  walls 
unite  near  its  anterior  extremity  so  as  to  form  the  posterior  grey 
commissure,  and  divide  the  canal  into  two  parts.     Of  these  the  ante- 
rior becomes  the  permanent  canal,  while  the  posterior  is  reduced  to  a 
narrow  fissure  between  the  posterior  columns.     Ultimately  this  poste- 
rior narrow  part  becomes  closed  by  a  growth  of  cells  which  occurs 
from  behind  forwards,  as  the  median  parts  of  the  posterior  columns 
develop.     All   these  parts  consist  first  of  embryonal   cells,  which 
afterwards  undergo  a  transformation  into  the  nerve-elements  proper, 
and  the  order  of  transformation  is  the  same  as  that  in  which  the 
parts  were  formed,  the  posterior  median  columns  latest.     The  cells  of 
the  grey  matter  are  formed  before  the  fibres  of  the  white  columns. 
Some  of  the  embryonal  elements  undergo  a  different  and  slighter 
change.      They   may  almost  be    said   to  persist,   constituting  the 
neuroglia,  and  the   gelatinous  grey  substance   continuous   with  it 
around  the  cord,  and  also  massed  at  the  posterior  root  fissure  and 
around  the  central  canal. 

The  central  canal  ultimately  lies  in  the  anterior  part  or  middle  of 
the  gprey  commissure.     It  may  persist  through  life  as  a  cavity,  oir- 

*  See  Lejden, '  Virchow'i  Archiv,'  Bd.  IxYiii,  p.  1. 
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cnlar  in  section,  or  as  a  slit,  antero-posterior  or  transrerse,  and  is 
lined  witli  epitbelinm  (Fig.  172).  Around  the  canal  there  are 
usually  many  nuclear  elements,  especially  on  each  side  of  it,  aod 
these  frequently  fill  up  the  lumen  of  the  canal,  so  that  its  position  is 
indicated  only  by  an  oral  mass  of  small  cellular  elements  (Fig.  172,  d). 
The  obliteration  of  the  canal  often  occurs  quite  early  in  life,  and  is  no 
evidence  of  any  morbid  process.  The  canal  may  be  found  obliterated 
in  one  part  of  the  cord,  and  patent  in  another  (c,  d,  iHg.  172).    Tbe 

simple  closure  of  the  canal  by  nuclei  does 
not  usually  cause  any  distension  of  tbe 
-  part  which  is  abore  the  closed  portion. 
or,  at  any  rate,  not  more  than  a  Tery 
slight  increase  in  size,  so  trifling  that 
its  significance  is  open  to  question. 

Syringo-myelia  occurs  chiefly  in  the 
cervical  and  upper  dorsal  regions  of  tbe 
cord.  The  cavity  is  often  closed  below 
by  gliomatous  tissue,  and  the  excess  of 
this  may  extend  up  into  the  medulla  and 
even  pons.  Occasionally  the  cavity  exists 
through  the  whole  length  of  the  cord. 

In  the  simple  condition  found  in  young 
children,  or  in  adults  when  no  aecondarv 
changes  have  occurred,  the  morbid 
change  presents  the  two  features  already 
mentioned  —  a  quantity  of  tissue  of 
translucent  aspect,  which,  from  its  struc- 
ture,  is    clearly    persistent    embryonal 

Fio.    172.— Central    csnal    In  tissue  in  whii-h  nerve-elements  have  not 

nonnalconis.  I  thus  the  form  of  develof^ed,  and  a  cavity  due  to  imperfect 

ii\rc7fT:mlll''c^~ »^Sl  contraction  of  the  canaL     The  change  i. 

laris).  while  in  B  it  U  circaUr.  always  confined  to  the  posterior  half  of 

In«chiti8linedbyc*>himii«r  ^j^^  ^^^^    ^^^  usually  to  the  posterior 

tpithelmm  and  surronnded  by  «•  v  •• 

cellular  element!,  rounded,  or  Columns,  which,  as  We  have  seen,  are 
an^oltir     from    compre<«»ion,  formed  last.     The  persistent  embryonal 

rhifht.7^mure''«me.p^^^  tissue  may  be  evidenUy  mcreased  by 
cord  a»  C,  the  po<>ition  of  tbe  a  process  of  various  degrees  of  growth, 
canal  is  occupied  by  a  maaa  of  ^^^  ^^^  ^^^  enlarged  by  distension, 
nuclear  tissue.  *,       ,  ,  i  •  x      ^   ...• 

Further,  when  the  persistent  tissue  is 

considerable  in  quantity  it  may  break  down,  and  thus  give  rise  to 
a  new  cavity,  or  enlarge  that  which  has  developed  from  the  primi- 
tive canaL  Thus  the  cavity  may  be  distinct  from  the  canal,  and  in 
some  cases  tbe  abnormal  tissue  around  it  is  very  small  in  amount, 
and  reduced  even  to  a  mere  wall.  It  may  also  be  separate,  because  it 
is  the  hinder  part  of  the  embryonal  canal,  cut  off  by  coalescence 
of  tbe  walls. 
These  conditions  are  shown  very  well  in  the  adjoining  figures,  after 
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Lejflra  (Pigs.  173.  174).  In  tha  first.  &t  a,  the  cayity  pnaeuU 
nearly  the  ahape  which  it  has  at  one  period  of  development,  before 
the  formation  of  the  posterior  columns  is  completed,  and  without 


FlO.  173. — S^vnn^i^injelit,  fram  ■  child  two  jtiLn  old,  with  eDC«pniioec1s  and 
kbwnee  of  cerebrllnni.  (AfUr  liejdtn.)  In  A,  cervirsl  rrgiM.  lh«  oentnil  oansl 
ii  liu^.  lined  with  cpitlieliam,  and  from  it  >  medial  fluore  aiteiida  backward* 
oearlj  to  the  peripherj  oF  the  cord,  limited  hj  a  Ujer  of  homogeticou*  Linoa, 
more  abaiidant  at  tbe  pniterior  limit.  In  B,  lower  down,  the  Buuri  ii  mlarg^ 
to  a  tttj'itj  of  coDiiderable  liie,  while  in  C  it  ii  atill  largn',  lod  the  poeterior 
Colomiii  are  redoced  to  a  narrow  loni  between  the  lajreroC  tjuoe  which  bouudi 
the  caritj  mod  the  gnj  inbitance. 

the  separation  into  two  parts  produced  by  the  formation  of  the  pos- 
terior commissure.  It  is  bounded  by  a  narrotr  layer  of  embryonal 
tissue,  wfaich  widens  out  behind,  having  nearly  the  shape  of  the  pos- 
terior  median  columns,  which  are,  aa  we  have  seen,  the  last  to  be 
formed.  In  B  and  c,  the  cavity  is  much  larger,  and  the  posterior 
columns  are  smaller,  eitber  by  an  earlier  arrest  of  doTelopment  or  by 
greater  distension,  or,  moat  probably,  by  the  influence  of  both  these 
agencies.  Tbe  cavity  extends  np  to  the  posterior  aurface  of  the  cord, 
and  is  closed  in  there  only  by  a  narrow  layer  of  cellular  structare. 

In  Fig.  174  we  have  somewhat  more  complex  conditions.  The 
cavity  in  the  fimt  section  closely  resembles  in  appearance  that  in  a  of 
the  last  figure,  hut  differs  in  the  important  fact  that  the  posterior  com- 
misaare  has  apparently  been  formed  and  the  central  canal  developed 
in  the  normal  manuor,  although  it  has  become  obliterated  by  nndei. 
This  is  clear,  if  the  commissure  is  compared  in  tbe  several  figurea. 
Tbe  cavity,  therefore,  does  not,  aa  in  Fig.  173,  represent  the  whole  <d 
the  primitive  canal,  but  only  the  posterior  portion  after  its  division. 
The  adjacent  tissue  is  much  more  abundant  than  in  tbe  other  case. 
The  projection  into  the  posterior  eitremity  of  tbe  cavity  indicates  a 
prooees  of  active  giowLh,  which  is  also  shown  by  the  irregularity  of 
the  cavity  in  b,  the  large  amount  of  tissue,  and  the  wide  separation  of 
the  posterior  horns.  In  c,  from  the  lower  part  of  the  cord,  the 
embryonal  tissue  o<.-cupies  two  oval  areas  in  the  posterior  column  (by 
mistake,  clear  in  the  figure),  while  the  cavity  is  closed  or  nearly  so. 
(Lower  down,  a  cavity  existed  in  the  centre  of  each  of  these  areaa, 
apparently  due  to  breaking  down  of  tbe  tissue.)  In  n,  again,  the 
embryonal  tisHne  occupies  only  the  middle  line,  aa  a  wedge-shaped 
area,  due  to  tbe  defective  formation  of  the  medial  part  of  the  posterior 
columns.  It  has  been  mentioned  that  the  neuroglia  may  be  regarded 
as  a  persistent,  slightly  modified  embryonal  ussue,  and  these  exuberant 
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maaiea  of  tisane  bear  ootuidemble  resemblanoe  to  stmctore  to  glionata, 
■o  that  the  condition  has  been  called  "  gliomatosia.'*    In  each  of  theM 
casei  the  brain  participated  in  the  defect  of 
'^.    development;   there   waa  internal  kjrdro. 
I  cephalus,  and  the  cerebellnm  wu  absent 
The  caTiliet  in  the  adult  cord  present 
many  varieties.     The  most  common   form 
resemblcB  in  ita  eatentiol  features  the  con- 
genital disease  which   we   hare  just  con- 
sidered.      Between  the  two  there  are  also 
differences,  but   the  resemblsnt.'e    is    suffi- 
cientlj  close,  and  the  origin  of  the  differ- 
ences ia  Buffiuieiitlj  clear,  to  make  it  prac- 
tically certain,  as  alreadj  mentioned,  that 
the  two    forma  are  really   the  same,  and 
that  the  form  met  with  in  adults  is  the 
^^A^ta^^  congenital  coudition,  persisting  until  lator 

^^^B^^^t  life.     Of  the  characters  which  this  form  ha* 

^^^^^^^^^JA  io  common  with  the  congenital  disease,  the 

^^^H^^H^ajf  most  important  are  the  position  of  the  cari- 

^^Mjt^^r  ties  and  the  presence  of  tissue  in  tbcir 

^^'^•^^     <'  vicinity  of  embryonal  or  gliomatous  nature. 

The  differences  depend  on  an  apparent 
increase  of  this  tissue  by  a  process  of 
growth,  ou  the  greater  damage  to  the  other 
parts  of  the  cord  by  the  distension  of  the 
cavity,  and  on  the  eitent  to  which  the  for- 
miition  of  new  cavities  or  enlargement  of 
Fro.   17*.  — S_vrlniomjeli».    old  ones  takes  place  by  a  process  of  disin- 

from  m  child  •imlt-OKrids  ,.  ,  .,  i      r  a  ■.      . 

liilfjesrurithiiitenimlhj-  'egration  of  the  newly  formed  or  persuteat 

drowphaiiuand  ibience  of  tisane.    The  damage  to  the  cord  produced 

^i'rdlo'ii^.  '^Al^'^^Bd*  ^y  distension  of  the  cavity  involvea  most 

liT.il)   A,  B,  cerrio.1  n'.  the   nearer  and  less  resisting  parts.     The 

lrf(in!gpl«tinoD«(einhr)onHl)  (frey  subatHnce,  therefore,  suffers  in  greatest 

tiniie    iu     the     poitBHor  ,                il         l'i          .               i                  .     ^ 

oolumni  endoie.  irmWUI  degree;    the   white  columns   to   an    extent 

rarity,  liurd  In  pUeei  with  that  depends  in  part  on  the  precise  posi- 

cjjindrioKl  epithelium,  .nd  (.jon  ^f  ^^g  Cavities,  as   presently  to  be  de- 

bellevcd  (probably  wronglj)  ,      ,        ™„       ,                 ,                             . 

tu  be  tlie  central  a,m\.    (J,  BCribed.     The  latter  also  present,  in   many 

Inwer.iorMl;  ineachpoite-  cases,  the  Complicating  changes  of  secon- 

aimil^geTMtmou'aabiUiice  "^"T  degeneration,  ascending  or  descending, 

(which,  by  a  miauke,  it  HS   showu    in  Fig.  175,  due  to   the  com- 

abowii  In  C  M  an   open  preaaion  of  certain  tracts  at  some  specially 

Ttgion.  thia  tiuue  occupi.:!  affected  spot. 

oniythe  gio.itionof  theiw*.  As    the    simplest    oondition,    we    may 

terior  m«ii.n  coi™n..  ,,^^^  ^  dilatation    of    the   central    canal 

vnrrounded  by  glioniatona  tissue  diapoaed  «■  in  congenital  cases. 

Thia  tltaue    is  often   mure   abundaut,  and   forms   a   more  distinct 
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masa.  lower  dowa  the  Curd, 
below  the  c&Tit;  A  good 
eiample  of  tlus  coodition  m 
alight  degree  ib  presenled  hj 
the  oord  the  seat  of  chronic 
myelitis,  represented  at  Pig 
105,  p  S3Q  In  the  cervical 
r^on  (a)  there  ia  a  large 
ct-ntral  canal,  bounded  by  a 
thick  layer  of  gliomatoui 
tissue.  In  the  inner  part  of 
this  tissue,  limiting  the  carity, 
ia  a  sinnons  membmne,  dhroua 
in  atructure.  The  origin  of 
this  membrane  ia  not  easy  to 
explain,  but  it  is  often  found 
in  carities  of  this  character, 
and  is  evidence  of  the  aimilar 
nature  of  those  that  differ 
mnch  in  other  respects.  In 
the  lumbar  region  (b)  the 
tissQe,  which  bounds  the  cavity 
in  the  other  sectiou,  forms  u 
lai^  round  mass  in  the  posi- 
tion of  the  canal,  obliterating  it. 
When  a  ceDtnd  cavity  ap- 
pears nut  to  be  the  canal  itself, 
but  to  be  situated  behind,  it  ia 
then  apparently  often  due  to  a 
peraistence  of  the  fore-part  of 
the  posterior  portion  of  the 
canal,  after  the  posterior  com- 

Fio.  176.—  Sjringo-myelia,  from  k 
ca*e  oi  tumourt  uf  tbe  poni  and 
c>a(l&  eqainK,  with  tome  difTuie 
■cleioai*  in  the  dorul  region  of 
the  conl.  A,  B,  and  C  are  •ectioni 
of  the  cervical  etiUi^ement.  1'he 
\trgt  cavity  in  A  ia  p«rhapi  the 
dilated  cmnal,  linee  it  i>  lined  in 
front  witli  e|iitlieliuia.  but  in  front  at  it,  in  the  po«t<rlor  oiTnitiTamre,  ti  N  f  roup  of 
nuvlei  like  an  obliterated  canal.  The  tone  of  tisaut.  aronnd  the  cjgt  ia  compoied  ot 
Interlacing  flbrn  and  nnclt>i,  and  proceaief  eitend  from  it  into  the  (xwterior 
columiii,  both  in  front  and  hehind.  In  B,  the  cavitj  ii  imaller  and  the  wall 
thicker,  while  in  C,  tLie  tisane  about  it  form*  a  cooaidrmble  maaa,  and  a  lecond  imall 
cavitj  lis*  formed  in  the  middle  line,  apparentlj  b;  the  breaking  down  of  the  tlatne. 
Id  the  doraal  region  (D)  there  waa  merelj  an  nnnmallj  large  accnmnlation  of  nacid 
in  thepoaition  ^  the  canaL  which,  in  the  lamhar  region,  had  the  normal  aapect  (E), 
The  Eord  preaenta  degeneration  of  tho  right  pyramidal  tract  (descending  from  the 
Inmonr  in  the  poni),  and  of  the  post,  med.  col*,  and  ant.  lat.  aiceudiiig  trac^  pru> 
bablj  aaeeoding  from  the  aclerotis. 
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missiire  has  been  formed.  In  Fig.  175,  for  iDstanee,  we  bave  a 
ceotral  cavitT,  but  in  the  commissare  io  front  of  thia  ia  a  mast  of 
naclei  having  the  osnal  aspect  of  an  obliterated  canaL*  The  cafitj 
is  surrounded  bj  a  zone  of  tissue,  which  in  a  and  b  sends  off  a  fringe 
of  processes,  especiallj  backwards.  This  tissue  is  increased  in  the 
lower  part  of  the  cenrical  region  (c).  In  b,  a  small  caritj  is  formed 
between  the  tissue  and  the  grej  matter  bj  breaking  down,  and  io  o 
another  exists  in  the  middle  line  behind  the  growth,  probably  due  to 
deficient  closure  of  the  original  fissure,  and  increased  by  a  destructiie 
process.  Still  lower,  the  eommissure  resumes  its  normal  appearance, 
but  the  collection  of  nuclei  in  the  po8iti<»n  of  the  canal  is  uousuallj 
large  (o).  In  the  lumbar  region,  the  canal  is  patent  (s).  The 
degeneration  of  the  posterior  median  column  and  of  the  lateral 
columns  is  secondary. 

We  hare  seen  that  in   the   congenital  cases  we  must  recognise 
a  process  of  growth  of  the  persistent  embryonal  tissue,  to  account  for 
some  of  the  conditions  met  with,  and  a  like  process  is  suggested  hy 
the  centnd  mass  in  Fig.  105,  b.     Hence  it  is  not  surprising  that  in 
many  cases  the  growth  should  attain  the  dimensions,  and  assume  the 
characters,  of  a  positire  tumour.     In  most  cases  the  tumour  has  been 
central  in  position,  and  liias  had  the  structure  of  a  glioma.     It  has 
occupied  a  large  part  of  the  area  of  the  cord  at  a  certain  part.t    In 
the  chapter  on  the  tumours  of  the  cord  it  has  been  pointed  out  that 
sarcomata  also  may  grow  from  the  tissue  around  the  central  canal,  as 
in  the  case  shown  in  Fig.  170.    Hence  it  is  not  surprising  that  the 
condition  of  syringo-myelia,  eren  if  this  is  congenital  in  origin,  should 
be  frequentlj  associated  with  definite  tumours.     The  growths  hsTe 
often  been  multiple,  appazentlj  the  result  of  a  wide-spread  tendency,and 
perhaps  connected  with  a  wide-spread  persistence  of  embryonal  tissue, 
of  which  remarki^ble  instances  are  sometimes  met  with.     In  the  case 
shown  in  Fig.  175  there  was  a  tumour  of  the  pons  and  also  one  of  the 
Cauda  equina.     The  nature  of  the  growths  is  uncertain,  but  they  were 
probably  either  sarcoma  or  glioma.     The  same  tendency  to  morbid 
growths  is  illustrated  also  by  Fig.  176,  which  is  similar  in  manj  respects 
to  that  just  considered.     In  this  case  also  there  was  a  tumour  of  the 
pons  and  one  of  tbe  Cauda  equina,  and  there  was  also  a  central 
growth  in  the  dorsal  region,  occupying  the  greater  part  of  the  area  of 

*  TUU  is  tbe  probabU  taterpretmtkm.  At  thm  tame  time  it  ia  possible  that  the 
nael«ii  hare  not  this  aignirtrmnfe.  sad  that  it  is  really  the  central  canaL  It  is  often 
more  dilBcait  thaa  might  be  imsginfd  to  say  whether  a  cavity  does  or  does  not 
represent  tbe  oeotral  canaL  The  pr^fsence  or  aheence  of  an  epithelial  lining  hst 
gener:dly  been  taken  as  a  erxtmaa,  bat  it  is  doabtfol  whether  this  has  any  signift- 
canee.  Aroond  the  whole  of  the  original  caTity  the  inner  layer  of  cells  is  arranged 
as  sa  epitbeUnm*  and  if  any  part  of  it  perwla  it  is  probable  that  epithelinm  will 
persist  aisow  Moreover  the  efMtbefins  often  diaappsars  from  the  wall  of  the  dilated 
central  canal  itself ;  always  whers  it  is  enlarged  by  breaking  down  of  tiasne. 

t  As  ia  an  mtere»tzng  case  deaoibed  and  figured  bj  Rieniiger^  *  Vircbow's 
;*  Bd.  icTxiL 
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tbe  tord,  to  vliich  the  ascending  degenerations  were  secondar;.  In  a 
there  ia  a  large  central  cavity  which  ia  probably  not  the  central  canal, 
aioce,  as  in  the  iast  figiure, 
the  positioD  of  this  is  marked 
by  the  o*al  group  of  nuclei 
in  the  anterior  part  of  the 
grej  commissure.  The  eoog 
of  tissue  which  bounds  it  is 
narrow,  but  a  few  proccsties 
are  given  oS  behind.  In  b, 
first  dorsiil,  this  tiseue  forms 
a  compact  mass,  and  the  pro- 
cesses are  numerous  and  very 
similar  to  those  in  the  last 
figure.  Id  O,  the  commissure 
ia  reduced  almost  to  normal 
conditions.  In  this  cord  we 
have  also  an  instance  of  the 
fact  that  caTittes  may  occur 
in  other  parts,  very  similar 
in  their  general  characters  to 
those  that  occur  in  the  central 
r^oD.  In  B,  a  large  cavity 
occupies  the  intermediate 
grey  matter  and  postenor 
comU  on  the  right  side,  with 
some  morbid  tissue  bounding 
it  on  the  medial  side.  In 
o,    the     cavity    is    smaller 

FlO.  176. — Sjringo-mjslis,  from  k  oua  in  wliicli  then  were  tnmonn  to  the  dona 
region  of  tin  L-ord,  the  caud>  eqmiis,iiidthe  poiu  V&rolii  A  m  d  cervical  region. 
A  lurga  ov>l  csvitf  liei  beliiDiI  the  gray  commluoTe.  lurrounded  by  >  luurow  wmll, 
chirflf  compoaed  of  fine  flbrea,  bat  with  k  wavy  membruie  on  the  inner  tartnct. 
In  front  ot  the  poeterior  cominiuDTe,  sn  oval  gronp  of  nuclei  ha«  the  wpact  of 
an  oblitermted  central  canal.  A  few  abort  proceitee  citend  from  the  wUl  of  the 
caritj  into  the  poeterior  column).  There  ie  aeoondary  aacending  degeneration  of 
the  pott.  med.  ooU.,  right  direct  pjiamidal  tract,  and  aicendin^  antero'lateiBl 
tract  in  all  the  aeclJoiu.  B,  fint  doraaL  Behind  tlia  poeterior  oommianure  ii  a 
growth  conaiiting  of  amall  cell*,  roond  and  f oaif orm,  the  latter  «ith  ronnd  nnclri. 
It  contains  many  Teasels  with  thickened  nails.  A  fringe  of  fine  proeeaaea  eitendi 
from  iC  into  the  posterior  Golnmna.  An  irr^nlar  csvitj  occupies.  On  the  right 
aide,  the  posterior  half  of  the  grey  matter,  which  is  reduced  to  a  narrow  laver 
aronnd  the  rjst.  Thia  !•  Uned  by  a  delicate  nacleated  membnng,  ontaide  which 
I*  a  thicker  membrane,  U  ing  in  fdds,  the  section  of  which  is  thus  sinnont.  Onb 
aids  thia  again  is  a  small-celled  growth  aimilar  to  that  behind  the  commiasnre. 
In  C.  a  little  lower,  thia  cavity  ia  amaller.  the  ainooaitiea  of  the  hsII  greater,  and 
the  growth  outside  it  more  aba ndant.  (Still  lower  the  ares  was  entirely  occnpied 
by  the  growth.)  In  the  posterior  commissure  thera  ia  only  •  qaantity  of  looM 
nncli-atod  tiasae  in  the  aituati'io  of  the  growth." 

•  For  tbe  opportunity  i^  drawing  tbeM  aeetiona  I  am  Indebted  to  Dr.  DreacbUd. 
A  fnll  acronnt  of  the  «>e  haa  beeo  published  by  Ur.  Uarria  in  '  Brain,*  Jan.,  1S86. 
Tbs  large  gruwtliB  w 
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«nd  the  tissne  aroand  it  is  mora 
abuoditnt,  but  easilTdiiitiDguiah- 
able  from  tbe  grey  Bubstuuot 
wbile  a  little  lower  dova  the 
\  c&vitj  dinappeared  and  the 
tissue  formed  a  com  pact  rounded 
masi.  The  cavitj  ia  lined  bj  a 
delicate  layer  of  cellular  mem- 
brane :  ontiide  tbin  is  a  fibrous 
membrane,  Ijing  in  folds  which 
appear  as  sinuosities  in  the 
section.  The  existence  of  this 
membrane  shows  that  the  cavitj 
JB  not  simplj  formed  hy  the 
breaking  down  of  the  duue. 
Tbe  tissue  is  quite  similar  in 
structure  to  that  which  is  behind 
the  L-ommissure  in  B.* 

The  posterior  coma  ia  not 
an  unoommoQ  seat  of  cavitiea, 
which  maj  extend  through  the 
whole  length  of  the  horn.  An 
example  of  this  is  shown  in  Fig. 
177.  Hiemorrh^^  had  occurred 
into  the  cervical  region  of  the 
cord  (a),  which  was  enl&rged 
and  distended  with  blood,  so 
that  the  precise  character  of  the 
cavitj  in  this  region  was  iadis- 
Unguishable ;  the  blond  also 
filled  tbe  cavity  through  the 
'  Is  eoDnection  with  ths  tnmoar  of 
tite  Cauda  sqaius  in  tbn«  two  eum, 
tt  Biij  be  meiiUoncd  IliKt  th«  tune 
ooincidciir«  haa  beeo  obMrred  in  other 
tautsncM.  Tber*  wm  a  tamoar  la 
thst  utuUoa,  for  inatauM,  in  tba 
(maa  described  bj  RieiiiiirST,  who, 
rigbtlj  retrarding  the  oonditioD  u 
eon^eiiiUl  in  origin,  mggveta  tint 
the  tnmoiir  msj  be  coiuiactcd  wicli  tlia 
tact  that  the  embiyoiia]  cord  occupiad 
the  entire  Irairth  of  tha  cuuU. 

Fts.  177.— Sactiou  of  a  cp'nal  nrd  In  which  a  cnnti  rxitted  thronghont  it*  length. 
Unmorrhk^  in  theccrrieal  rej;ion  wai  tba  immiiliate  ^maaof  death.  Tha  aitn> 
TBntii>n  bad  thrte  d.itended  the  eotd  (A),  and  bad  bant  into  tba  csTlty,  which 
wa*  nllnl  with  bloaU  A  amaller  oaritj  aiiaiad  tn  the  right  ooran,  in  tba  nppv 
d'Tsa!  Trfptra  (K).  In  moat  parUthe  iDDainrfacewaailightljirre^lar,  aaif  pro- 
diicT'l  bj  Mrvaking  do«D  of  ib«  itMOC,  bat  Dtar  tbe  poiition  of  the  centra)  niiiala 
sinnooa  vembnna  eziited  is  plsoet,  wiibont,  bowerer,  taj 


6TRING0-MYELIA.  571 

entire  length  of  the  cord.  lo  the  upper  dorsal  region  (d)  there  are 
two  cayities,  one  ia  each  posterior  coma,  but  that  on  the  right  ceased 
a  little  lower  down,  while  the  other  extended  to  the  lumbar  region, 
as  shown  in  the  figure,  reaching  almost  to  the  surface  of  the  cord. 
The  upper  and  inner  extremity  of  this  cavitj  is  in  the  position  of 
the  central  canal,  no  other  trace  of  which  exists.  There  is  some 
abnormal  tissue  in  the  neighbourhood  of  the  commissure,  and  also 
in  o,  where  irregular  tracts  pass  Jtransverselj  from  the  median  septum 
into  the  fore-part  of  the  posterior  columns.  The  presence  of  this 
tissue,  and  the  relation  to  the  central  canal,  suggest  a  congenit^d 
origin.  During  the  reduction  in  size  of  the  canal,  in  the  deve- 
lopment of  the  cord,  the  cavity  presents  at  one  period  short  lateral 
processes  (compare  Fig.  179,  a),  and  we  can  therefore  understand  how 
a  still  earlier  arrest  of  development  may  lead  to  the  persistence  of  a 
lateral  process  on  one  side  or  both,  surrounded  by  residual  embryonal 
tissue,  and  that  the  cavity  jhould  afterwards  extend  in  this  tissue  or 
in  the  grey  matter  by  a  process  of  growth  and  disintegration,  such 
as  probably  had  occurred  in  Fig.  177,  d.  A  comparison  of  d  and  e 
suggests  that  the  two  cavities  were  united  in  the  middle  line  in  the 
upper  part  of  the  cord,  where  the  hsBuiorrhage  took  place. 

In  the  conditions  we  have  hitherto  considered,  definite  limited  regions 
of  the  cord  have  been  inyolyed  through  a  considerable  vertical  extent* 
llie  changes  are  sometimes,  however,  much  more  difihise  in  their  dis* 
tribution,  as  is  shown  by  the  remarkable  lesions  represented  in  Fig. 
178.  In  this  cord,  which  is  that  of  an  adult,  we  have  a  combination 
of  the  same  two  conditions  of  abnormal  tissue  and  cavities.  Scattered 
through  the  nerve-substance  are  tracts  of  a  peculiar  tissue,  represented 
by  the  darker  shading  of  the  figure,  and  in  many  regions  thus  affected 
there  are  cavities,  for  the  most  part  fissure-like,  as  if  the  cord  had  been 
split  here  and  there.  At  first  sight  the  appearance  suggests  an  active 
and  recent  morbid  process ;  nevertheless  I  think  that  the  congenital 
origin  of  the  condition  is  beyond  doubt.  It  will  be  observed  that  the 
morbid  changes,  as  in  the  other  forms  of  syringo-myelia,  are  chiefly  in 
the  posterior  half  of  the  cord ;  small  areas  of  disease  in  the  anterior 
columns,  in  the  sections  m  and  f,  are  the  only  exceptions.  The  minute 
structure  of  the  abnormal  tissue  was  exactly  like  that  of  the  normal 
gelatinous  layer  beneath  the  pia  mater.  Besides  the  conspicuous  areas 
figured,  it  could  be  traced  here  and  there,  in  small  tracts,  through  the 
whole  of  the  posterior  columns  and  the  hinder  parts  of  the  lateral 
columns,  and  also  in  the  posterior  horns,  in  the  grey  matter  of  which 
it  could  be  readily  distinguished.  The  relation  of  the  cavities  to  this 
substance  is  distinct ;  where  they  extend  beyond  it,  this  is  apparently 
the  result  of  the  distension  of  the  cavities  and  an  actual  fissuring  of 
the  cord,  along  the  lines  of  connective  tissue,  by  the  pressure  of  the 
contained  liquid.  The  medial  cavity  in  o  is  doubtless  due  to  defective 
closure  of  the  original  fissure  between  the  posterior  columns.  In  the 
lumbar  region  the  nerve-fibres  are  absent  from  the  front  of  the  posterior 
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GoluuuiH,  where  a  coarse  network  of  thia  residua]  tissne  eoclosd 
vmpty  spaces. 

The  damage  to  the  grey  mutter  maj  [-nlail  alteratioDs  in  the  related 

iiervea,  and  even,  in  cases  of  long  duratioD,  ia  those  connected  with 
the  posterior  roots.  In  the  peripheral  nerre-fibres  of  ih<t  skin  aud 
muBcles,  changes  of  tbe  ordinary'  chronic  degeuerative  character  were 
found  hv  DL'jcriQe,  in  cases  in  which  sensation  was  altered  or  tba 
muscles  wasted. 

Thus  these  various  forms  of  syringo-myelia.  lo  spite  of  thfir  Taria- 
tions  in  seal  and  form  and  geueral  aspect,  wlien  clua'-W  studied,  serm 
all  to  he  connected  wiih  ghomatoua  tissue ;  and  that  the  morbid  sute 
takes  its  origin  iu  abnormal  conditions  during  the  development  of  the 
cord  is  practically  certain  from  their  seat  and  features.  This  lesson  is 
clearly  taught  by  the  facts  shuwn  by  the  wisea  here  illustnited.  It  is 
probahle,  therefoje,  that  this  conclusion  is  also  true  of  cavities  of 
similar  character  and  position  in  which  no  glioiuatous  tissue  can  be 
recognised  ;  and  most  of  the  hypotheses  regarding  the  origin  of  such 
cavities  from  processes  of  simple  myelitis  and  the  like  have  no  suffi- 
cient foundation.  But  we  are  still  ignorant  of  the  met-'baDisDi  by 
which  the  defect  in  the  process  of  developnient  is  brought  about.  It 
hue  been  extensively  ascribed  to  an  inflammation  of  tbe  embrTori»l 
neuroglia  at  an  earl/  stage  of  development,  but  of  this  there  ia  do 
real  evidence.  It  ie,  moreover,  no  exjilanation  to  assume  a  primary 
intra -uterine  hvperplaaia  of  the  embryonal  liBsue.  It  ia,  indeed, 
possible  that  mure  tbau  one  morbid  proL-ess  during  the  early  suige 
of  development  may  cause  the  conditiuu,  and  that  closure  of  the 
canal  below  may  have  consequences  during  development  which  it  has 
not  at  a  later  period.  But  it  is  importaut  to  recognise  the  fact  that 
there  is  a  gradation  between  the  chief  varieties,  and  that  some  are 
assoi^iuted  with  developmental  defei.ts  in  the  brain,  to  which  they  can 
only  be  related  as  the  common  expression  of  a  defect  in  the  develop- 
mental tendency  of  llie  germinal  tissue  1  and  what  must  be  true  of 
some  forms  is  prohably  true  of  most.  This  may  seem  only  to  push 
the  diffl<:ulty  into  the  region  of  the  inexplicable,  but  it  is  ouly  placing 
the  origin  of  the  malady  where  we  are  compelled  to  refer  tbe  ci^un- 
tion  of  ao  many  congenital  diseases,  which,  after  all.  bpar  but  a  small 
proportion  to  the  physiological  c]iara<;teristicB  that  spring  from  the 

The  syiiiptonis  of  the  disease  have  followed  some  il]iie>iH,  mental 
shock  or  anxiety,  and  traumatic  influences,  but  it  is  probable  that  in 
no  case  have  these  done  more  than  eidie  the  mauifestatlons  of  pre- 
existing disease,  or  induce  local  cbBtii.-e8  in  the  morbid  slate.  Tbe 
possible  inQueuce  of  injury  has  certainly  b'^en  over-estimated,  since  ia 
some  of  the  cases  In  which  It  seemed  cffeitive  the  malitdy  waa  un- 
questionably congenital,  and  the  traumatic  influence  only  terminated 
Ils  lati;nt  stage.* 

*  AinoDi;  tlie  chiur  paperi  in  vrliieh  tlie  (abject  will  Iw  foanil  diMiuanl  irv  Uiom  of 
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Stmptohb  — The  manifestatioas  oC 
•vriDgo-mjelm  depend  on  Ibe  secos 
darr  processes  of  distension  and  growth 
and  the  damage  thus  pioduced  to  the 
functional  elements  of  tlie  cord  * 
Hence  the  state  is  sometimes  dis 
covered  after  death  when  it  has  given 
rise  to  no  svmptoms  and  ita  existence 
has  not  beea  suspected  dunng  hfe  In 
jouug  children  indeed  it  appears  never 
to  cause  anj  definite  symptoms,  while 
the  disturbince  of  function  la  Tanable 
in  occurrence  and  degree — much  more 
BO  than  ID  character  The  central 
position  of  the  disease  entails  con 
giderable  umformitT  in  the  distn 
bution    of     its    local    consequences, 

SchulUa  (Ke  below)  Hell  ch  Arch.  Bohime 
d.  Mrd.,'  1890  111  No  4  Erunthal,  Near 
Cenin>lbl.,'lB8S,p  333  Oppeoheim  ChariU 
AniiHlni,'  18S6  p  409 

•Thev  have  bee  fully  dew;  b«d  by  Schnltle 
•ZeiUcbVifc  t  klm  Med  ISSB  p.  G25  end 
•Verh.ConBr  I  a  lied  1SS6  and  by  Allea 
Starr,  'Am.  Joani.  Ued.  Scunoe,  1BB8, 
TOL  xcv. 


Fio,  178.— CHvitiee  in  the  ipinal  emrd.  A,  mid- 
eerviciil,  presenting  merrly  •ome  iai-reaae  of 
coniierCiva  tiuue  in  tlie  left  latenl  colaiim, 
)n  8  there  Hre  levenl  cavitlei  hHTing  the 
a-pect  of  dutendeil  Hunr. «,  the  large*'  in  the 
midillf  line  oF  the  pniterior  ooloinDe  sud  the 
right  poaterior  eorna  ;  mialler  one*  In  the 
lateral  eoluiiiii*.  Ailjiicent  to  each  ii  a  quan- 
tity of  irnir  liaane,  which  hnd  a  peculiar  and 
nuifurni  itrnctare.  It  comiited  of  a  Tery 
fine  network  of  Sbre*  with  Toinute  nuclear 
bodir*  in  the  InirrEtice*.  No  lai^r  cell* 
were  observed.  Tliroughontthepnalerior  and 
latenl  column*  tlii*  liaaue  could  be  leeu,  here 
and  there,  thickening  tha  Driiroglia.  where 
no  con-jMcnnu*  niaiiee  were  fi>rmed.  Itconld 
al*>>  he  mcHl  in  the  ponterior  como,  and  waa 
reidily  diiiingaiaheii  from  tlia  (pongy  *iib- 
■tance  by  it*  iliijhlflr  itaining.  The  dittri- 
LiutioD  of  till*  ti»aue  ii  nhown  In  the  other 
aectiona  by  the  darker  ahading.  Id  C,  the 
Biaare  in  the  middle  line  ia  narrow.  In  B 
and  ¥,  the  anterior  part  of  the  povterior 
eolnmua  contaiued  a  conrse  network  of  tlii* 
tisane,  and  no  nerre-Hbr**.  Tha  central 
canal  was  obliterated,  but  tha  groop  of  nnclel  tbat  marked 
incvd  tbraugbont  the  ewA 
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and  bence  also  in  the  derangement  of  function  that  resulta 
from  simple  increase  in  the  lesion  either  bj  distension  or  growth. 
Hence  the  symptoms  are  often  such  that  thej  have  considerable 
diagnostic  importance,  although  in  a  minority  of  cases  thej  are  less 
uniform  in  character,  probably  because  the  disease  is  unsymmetrical, 
or  irregular  in  position  or  extension,  whether  the  symptoms  are  due 
to  the  distension  of  a  cavity,  or  to  this  combined  with  adjacent 
growth  of  tissue.  It  then  often  causes  symptoms  indistinguishable 
from  those  of  a  tumour  of  neoplastic  natiure.  Moreover,  the  precise 
level  at  which  the  chief  morbid  process  takes  place,  leads  to  a  corre- 
sponding variation  in  the  position,  and  therefore  io  the  general 
aspect,  of  the  symptoms  it  produces.  The  fact  that  the  lesion  is 
almost  always  greater  at  the  cervical  region  causes  the  arms  to  be 
the  most  common  seat  of  its  manifestations,  while  the  occa^iional 
invasion  of  the  fourth  ventricle  by  the  associated  growth,  and  the 
occurrence  of  coincident  secondary  changes  in  this  part,  explain  the 
involvement  of  some  of  the  cranial  nerves  that  has  been  met  with  in 
a  few  instances. 

The  symptoms  are  usually  of  slow  development,  increasing  gradually 
in  the  course  of  years.  Their  main  features  are  twofold,  of  which 
one  is  clearly  and  certainly  intelligible,  while  the  explanation  of  the 
other  is  a  matter  of  hypothesis,  although  also  not  difficult  to  under- 
stand, at  least  in  part,  if  the  opinions  expressed  in  the  chapter  on  the 
functions  of  the  cord  are  correct.  The  two  leading  features  are  loss 
of  sensibility,  chiefly  to  pain  and  temperature,  and  muscular  atrophy, 
resembling  in  characters  that  met  with  in  the  *' progressive  "  spinal 
form.  Of  the  two,  the  sensory  loss  is  the  earlier  and  more  constant 
The  muscular  atrophy  is  a  necessary  consequence  of  the  damage  to 
the  anterior  comua  from  the  compression  they  endure,  when  and 
where  the  central  cavity  or  adjacent  growth  attains  such  a  size  as 
to  damage  them  seriously,  and  they  may  be  reduced  to  a  mere  zone 
between  the  cavity  and  the  outer  ring  of  white  substance.  The  de- 
struction of  the  motor  nerve-cells  involves  the  degeneration  of  the 
nerves  and  the  wasting  of  the  muscles.  The  loss  of  sensation  is 
intelligible  if  the  path  of  painful  impressions  is  by  the  posterior 
commissure  to  the  antero-lateral  ascending  tract.  Although  the 
fibres  of  this  tract  that  lie  in  the  periphery,  and  have  crossed  far 
below,  may  be  expected  to  escape  (and  the  sensory  loss  is  not  usually 
met  with  in  the  legs  or  lower  part  of  the  trunk),  the  enlargement  of 
the  central  canal  and  disease  in  its  vicinity  can  hardly  fail  to  damage 
earlv  and  much  the  fibres  that  cross  at  the  level  of  the  chief  lesion, 
and  constitute  the  path  from  posterior  roots  not  very  far  below.  The 
course  of  thermal  sensations  is  still  quite  unknown ;  the  only  fact  we 
have — the  frequency  with  which  such  sensibility  and  that  to  pain  are 
iuTolved  together — points  to  contiguity  of  path,  and  prevents  surprise 
at  the  s{HHn.al  aff taction  of  this  form  of  sensibility  in  syringo-myelia. 
Tactile  8ous.it  ions  are  lost  oaly  in  rare  cases ;  our  ignorance  of  their 
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|>atli  preTents  us  from  explaining  the  fact,  but  we  Icnow,  from  other 
facts  of  disease,  tliat  it  is  distinct  from  that  for  pain.  Moreover,  the 
occasional  localisation  of  the  morbid  process  in  the  posterior  columns, 
and  even  comua,  may  explain  the  involvement  of  all  forms  of  sensi- 
bilitj,  and  also  its  occasional  restriction  in  area,  since  it  maj  be  dae 
to  direct  interference  with  the  posterior  root-fibres  after  thej  have 
entered  the  cord. 

In  man  J  cases  the  affection  of  sensation  of  pain  and  temperature  is 
equal ;  in  others  the  latter  is  lost  to  a  greater  degree  and  extent  than 
the  former.  Its  loss  is  often  the  earliest  symptom,  as  the  scars  of 
bums  maj  show.  The  loss  to  heat  and  cold  may  not  correspond. 
Thermal  or  painful  hypersdsthesia  has  preceded  the  loss,  as  with  other 
forms  of  sensation  when  destroyed  by  processes  that  slowly  damage 
the  fibres,  and  irritate  before  they  interrupt.  Perversion  of  sensation 
has  been  noted,  beat  being  felt  as  cold,  and  vice  versA,  Spontaneous 
sensations  are  common,  doubtless  from  the  irritation  of  the  fibres 
in  the  early  stage,  or  of  their  upper  portions  when  they  are  inter- 
rupted— feelings  of  heat  or  cold,  and  in  some  cases  pains,  various  in 
character,  sometimes  paroxysmal  like  neuralgia,  or  sharp  and  brief 
like  those  of  tabes,  and  occasionally  referred  to  the  joints,  or  felt 
chiefly  in  some  part  adjacent  to  the  seat  of  the  other  symptoms. 
Pain  in  the  spine  may  be  complained  of,  and  is,  perhaps,  a  direct 
effect  of  the  disease.  Often  the  malady  causes  no  suffering.  The 
loss  of  sensation  is  usually  sharply  limited,  and  the  arms  or  upper 
half  of  the  trunk  is  its  common  seat.  It  is  usually  found  in  the 
same  part  as  the  muscular  wasting,  but  is  more  extensive,  especially 
below  the  seat  of  atrophy.  Thus,  when  the  muscles  of  the  shoulders 
and  upper  arms  only  are  wasted,  the  sensory  loss  may  be  in  the 
forearms  and  hands.  This  we  should  expect  from  the  fact  that  the 
crossing  of  the  sensory  path  is  some  distance  above  its  entrance  into 
the  cord,  while  the  motor  roots  arise  from  nerve-cells  mostly  near 
their  level  of  exit.  Exceptions  may  be  due  to  the  affection  of  the 
root-fibres,  as  explained  above.  Further,  the  fact  that  the  distension 
and  damage  always  extend  through  a  considerable  vertical  extent  of 
the  cord  makes  the  relation  of  the  two  sets  of  symptoms  more  exten- 
sive and  less  regular  than  if  the  disease  were  limited  to  a  small  region. 

The  ''  muscular  sense  "  is  said  to  have  been  generally  normal  when 
tested.  Occasionally  there  has  been  unsteadiness  on  standing  with 
the  eyes  closed. 

The  motor  symptoms  usually  come  on  after  the  sensory  loss,  long 
after  in  slight  cases,  and  consist  in  muscular  weakness  and  wasting 
in  the  upper  limbs ;  while,  if  the  legs  suffer,  it  is  generally  from  simple 
spastic  paralysis,  such  as  would  result  from,  and  is  no  doubt  due  to, 
compression  of  the  pyramidal  tracts  by  the  disease  in  the  upper  part 
of  the  cosd.  It  is  rarely  complete.  The  unsteadiness  of  move- 
ment, above  mentioned,  we  may  connect  with  the  tendency  of  the 
lesion  to  involve  the   posterior  columns,  and  so  probably  to  inteiw 
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fere  with  the  path  from  the  muscles  to  the  cerebellum.  Barelj 
there  is  atrophy  of  the  legs  similar  to  that  of  the  arms,  and  in  sach 
cases  the  disease  extends  into  the  lumbar  enlargement.  Beflez  action 
in  the  legs  varies  according  to  their  state ;  it  maj  be  norma]  or  in- 
creased ;  tlie  knee-jerks  are  often  augmented,  with  rectus-  and  foot- 
clonus,  or,  in  the  cases  last  mentioned,  mjotatic  irritability  maj  be 
lost — very  rarely  on  one  side  only.  A  curioua  tremor  of  the  limbs 
Las  been  noted  in  some  cases. 

The  muscular  atrophy  in  the  arms  begins  in,  and  affects  most, 
certain  parts,  according  to  the  position  of  the  chief  damage  to  tbe 
grey  matter  of  the  cord.  It  may  be  in  the  hand  and  region  of  tbe 
ulnar  nerre,  or  in  the  muscles  supplied  by  the  musculo- spiral  and 
radial  nerves,  or  in  the  shoulder  and  upper  arm  muscles.*  It  is  a 
slow  wasting,  with  gradual  lowering  of  the  electrical  irritability,  as  in 
progressive  muscular  atrophy,  although,  as  in  that  disease,  some 
groups  of  muscles  may  present  indications  of  the  reaction  of  degene- 
ration in  the  early  stage  of  their  affection.  Fibrillation  is  commoxL 
As  the  wasting  and  weakness  increase  in  the  part  first  affected,  they 
spread  to  others,  to  the  rest  of  the  limb,  and  to  the  adjacent  parts  of 
the  trunk.  Weakness  of  the  trunk  muscles  often  leads  to  lateral 
curvature  of  the  spine ;  and  the  convexity,  owing  to  posture,  is  usually 
to  the  left.  The  occurrence  of  similar  symptoms  in  the  legs  is  ex- 
tremely rare.  Both  sides  usually  suffer  together ;  a  unilateral  affec- 
tion has  indeed  been  observed,  but  is  altogether  exceptionaL  The 
sphincters  may  escape  or  be  involved. 

Trophic  disturbances  in  the  extremities  affected  with  sensory 
loss  are  not  uncommon.  The  skin  may  become  thin  and  glossy,  or 
thick  and  horny.  Acute  changes  may  occur,  eczema,  herpes,  or  bulls ; 
whitlows ;  deep,  obstinate  ulceration,  and  even  gangrene.  More  fre- 
quent, however,  is  simple  vaso-motor  disturbance,  coldness  andlividity 
of  the  extremities,  or  redness  with  swelling  and  heat,  and  sometimes 
a  tough  cedema,  which  may  be  local  like  a  tumour,  and  afterwards 
pass  away.  The  nails  share  the  trophic  changes  in  the  hands,  be- 
coming grooved,  fissured,  and  cracked ;  they  may  even  drop  off.  The 
secretion  of  sweat  is  lessened  in  the  part,  as  was  well  marked  in  one 
unilateral  case.f  The  action  of  pilocarpine  has  been  found  to  be 
delayed,  although  ultimately  increased  iGrasset).  The  bones  may 
become  thickened  or  brittle,  and  joint  changes,  like  those  of  tabes, 
sometimes  occur. 

It  is  rare  for  the  symptoms  to  extend  into  the  region  of  the  cranial 
nerves,  although  in  occasional  cases  various  disturbances  of  function 


*  Blocq  thinks  that  spattie  par%plegia  U  chiefly  met  with  in  tbe  cawi  in  whidi 
the  atrophy  begins  in  the  region  of  the  ulnar  nerre.  and  tabetic  symptoms  in  Um 
legs  when  it  begins  in  the  radial  area ;  bnt  the  data  for  the  generalisation  noadlo  be 
more  extensive. 

t  Allen  Starr,  'Am.  Joom.  Med.  Sc.,'  May,  1888;  Bompf,  *Ntar.  Cent.,' 1889^ 
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haTe  occurred,  presumablj  due  to  the  extension  of  the  cb&nges  into 
the  medulla  and  pons,  and  chiefly  met  with  when  there  is  upward 
extension  of  the  associated  growth,  already  mentioned.  Thus  there 
have  been  paralysis  of  one  rocal  cord,  the  tongue,  and  of  the  face, 
d  lEculty  in  swallowing,  disorder  of  respiration  and  of  the  heart's 
action.  Tbe  organs  of  the  special  senses  usually  escape,  with  tbe 
exception  of  tbe  eyes,  in  which  certain  disorders  may  occur,  probably 
due  to  disease  of  tbe  path  of  the  sympathetic  in  the  cord,  or  to  that 
of  the  fourth  ventricle.  Thus  the  pupils  are  often  unequal,  the 
smaller  being  on  the  side  of  the  more  severe  cord  symptoms,  on 
which  the  fibres  for  the  radiating  muscle  of  tbe  iris  are  likely  to  be 
damaged.  Narrowing  of  the  palpebral  fissure  and  slight  ptosis  have 
been  also  noted.     Nystagmus  is  not  rare.* 

The  course  of  syrin$?o-myelia  is,  as  a  rule,  slow,  and  measured  by 
years,  although  an  apparent  exception  is  presented  by  the  cases  in 
which  it  is  associated  with  spreading  overgrowth  of  the  adjacent 
gliomatous  tissue,  or  acute  destructive  processes  occur  in  this  and 
spread  to  its  vicinity.  In  such  cases  a  considerable  development  of 
the  disease  may  be  attained  before  symptoms  are  produced,  and  these 
may  rapidly  reach  a  considerable  degree,  and  cause  death  in  a  few 
months  or  even  less.  In  most  cases  death  is  tbe  result  of  exhaustion, 
of  the  impairment  of  the  functions  of  the  medulla,  or,  more  com- 
monly, of  some  complication — bedsores,  cystitis,  and  the  like. 

D1AONOSI8. — The  resemblance  of  the  disease  to  more  common 
maladies  led  to  its  confusion  with  them  during  life,  until  the 
careful  observations  of  the  last  few  years  have  established  features  by 
which  its  existence  can  often  be  at  least  surmised.  The  most  im- 
portant characteristic  is  the  combination  of  muscular  atrophy  with 
still  earlier  sensory  loss,  involving  temperature  and  pain  far  more 
than  tactile  sensibility.  But  the  occasional  implication  of  all  forms 
of  sensation  must  be  kept  in  mind,  and  also  the  fact  that  in  slight 
and  slow  or  anomalous  cases,  the  sensory  symptoms  may  long  pre- 
dominate, and  for  a  time  exist  alone.  The  position  of  these  sym- 
ptoms (in  the  arms),  and  their  frequent  combination  with  spastic 
palsy  in  the  legs,  is  a  further  characteristic — ^not,  however,  une- 
quivocal. 

Cervical    pachymeningitis   causes  symptoms    which,    in    general 

character   and  in  distribution,   alike  in    the  arms   and    the    leg^, 

very   closely  resemble   those  of  syringe- my elia;   but  the  affection 

runs  a  more  rapid  course,  the   ansesthesia  involves   all  forms  of 

sensibility,  and  has  not  a  greater  but  a  less  extent  than  the  muscular 

wasting ;  the  two  correspond  more  closely  in  their  seat ;  pain  is  a 

far  more  prominent  symptom,  and  the  reaction  of  degeneration  is 

common  in  the  wasting  muscles.      Tumours  of  the  spinal  cord  only 

cause  symptoms  of  like  character,  and  especially  of  similar  symmetry, 

*  Contraction  of  the  fields  of  vision,  especially  for  coloort,  has  been  obtervwi^  hot 
It  not  pas  J  to  explain  (Dej^rine  and  Turland). 

TOL.  I.  87 


578  8PINAL  CORD. 

when  thej  are  central  in  situation,  and  the  diagnosis  maj  then  be 
Terj  difficult  and  even  impossible.  But  the  resemblance  is  often 
more  than  superficial,  for  such  growths  generally  arise  from  residual 
gliomatoos  tissue,  and  are  such  as  are  frequently  associated  with 
sjringo-mjelia.  It  is  chieflj  from  the  more  rapid  derelopment  of 
sjmptoms,  and  their  more  speedj  extension,  that  such  a  growth  can 
be  suspected ;  and  onlj  the  presence  of  slighter  ohronic  preceding 
symptoms  of  the  character  above  described  would  justify  the  expecta- 
tion that  a  cavity  is  associated  with  the  growth. 

Progressive  muscular  atrophy  is  sufficiently  distingaished  by  the 
absence  of  impairment  of  sensation,  and  in  peripheral  neuritis  the 
pains,  mode  of  onset,  and  degenerative  reaction  in  the  muscles  should 
preclude  any  danger  of  mistake.  In  "  Morvan's  disease,"  to  be  pre- 
sently described,  the  symptoms  may  bear  a  close  resemblance  to 
those  of  sjringo-myelia,  and  it  is  possible  that  they  are  due  in  part 
to  a  similar  condition  of  the  spinal  cord.  As  a  rule,  however,  the 
early  loss  of  tactile  sensibility,  and  the  greater  prominence  of  trophic 
disturbance  in  the  tissues,  especially  the  painless  whitlows,  enable 
the  diagnosis  to  be  made.  There  is  only  one  acute  affection  of  the 
cord  that  enters  into  the  diagnostic  problem,  and  that  is  spinal 
hsemorrhage.  It  has  been  mentioned  in  the  account  of  this  condition 
that  the  hsBmorrhage  is  sometimes  into  a  pre-existing  cavity — as  in 
the  case  shown  in  Fig.  177.  The  presence  of  a  cavity  into  which  the 
blood  has  been  effus^  may  be  suspected  if  the  hflemorrhage  has  been 
preceded  by  any  symptoms  suggestive  of  syringo-myelia,  inquiry  for 
which  should  always  be  made ;  or  if  a  rapid  extension  occurs  through 
a  considerable  vertical  extent  of  the  cord,  distinctly  abolishing  its 
central  functions. 

The  malady,  however,  varies  much  in  seat  and  characters,  as  is 
evident  from  even  a  cursory  glance  at  the  illustrations  given  above; 
the  symptoms,  of  necessity,  vary  with  the  lesion.  The  diagnosis  may 
be  difficult  and  even  impossible  in  such  cases,  especially  in  the  earlj 
stages  and  slighter  forms,  when  irritation  and  pain  predominate,  and 
even  neuralgia  maybe  simulated.  It  may  be  necessary  to  wait,  for 
time  to  show  the  course  of  the  symptoms.  Their  progressive  increase, 
in  spite  of  variations,  should  always  be  taken  into  account ;  it  fre- 
quently is  the  first  feature  that  suggests  the  nature  of  such  a  disease, 
contrasting,  as  it  does,  with  the  tendency  of  inflammatory  affections 
to  arrest  and  improvement.  A  peculiar  difficulty  is  presented  by  the 
cases,  not  few,  in  which  the  first  symptoms  follow  some  influence — 
an  illness,  a  blow,  or  even  mental  disturbance — that  seems  to  be  their 
cause,  and  suggests  disease  of  very  different  nature.  Often,  then  also, 
it  is  only  bj  waiting  and  watching  that  a  right  opinion  can  be  formed. 
When  bulbar  sjm])toms  come  on  rapidly,  the  nature  of  the  case  can 
only  be  inferred  from  previous  spinal  symptoms. 

The  Pboonosis  and  Tbsatment  of  syringo-myelia  are  subjects  on 
which,  unfortunately,  its  nature  permits  little  to  be  said.     If  its 
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existence  can  be  recognised,  the  maladj  is  generally  advanced,  and  its 
obserred  rate  of  progress  is  tbe  only  ground  on  which  a  forecast  can 
be  based.  When  the  central  functions  of  the  cord  are  considerably 
impaired,  and  the  symptoms  are  steadily  increasing,  it  is  rare  for  life 
to  be  prolonged  for  more  than  one  or  two  years,  and  tbe  subacute 
onset  of  considerable  paralysis  may  herald  a  course  that  leads  to 
death  in  a  few  months.  On  the  other  hand,  a  stationary  condition 
may  last  for  many  years.  Treatment  can  do  nothing  for  the  morbid 
state,  nor  is  it  likely  that  the  progress  of  spinal  surgery  can  afEord 
the  means  of  relief.  The  severity  of  some  of  the  individual  symptoms 
may,  however,  be  lessened  by  appropriate  measures ;  especially  trophic 
changes  may  be  diminished  by  care  and  early  treatment,  bedsores 
may  be  prevented,  cystitis  guarded  against,  and  if  any  acute  para- 
lysis occurs,  the  possibility  of  some  recovery  may  suggest  the  main- 
tenance of  the  irritability  of  the  muscles  by  electricity,  which  cannot 
be  expected  to  influence  the  slower  atrophy.  Plain  may  need  the 
customary  sedatives ;  but  early  pain,  especially  with  the  hy  pereesthesia 
that  depends  on  the  intensification  of  tbe  nerve-impulses  at  the  irritated 
part,  may  be  much  lessened  by  the  diminution  of  these  by  cocaine, 
used  as  in  tabes.  Sudden  pain  in  the  spine  may  indicate  commencing 
hemorrhage,  and  should  lead  to  the  adoption  of  the  posture  and  other 
measures  appropriate  to  that  grave  affection. 


Analoic  Panaritium  ;    Morvan's  Diskase. 

By  the  term  Morvan's  Disease  is  generally  known  an  affection  that 
was  called  Panaritinm  Analgicum,  or  *•  Painless  Whitlows,"  by  the 
physician  of  Brittany,  Morvan,  who,  in  1883,  first  described  it.* 
Observations  on  it  are  still  few,t  but,  judging  from  two  fatal  cases,^  it 
appears  to  consirt  in  a  combination  of  a  condition  of  syringo-myelia, 
or  of  the  associated  gliomatosis,  with  a  peripheral  neuritis  in  the  extre- 
mities.  Tbe  symptoms  make  the  constancy  of  the  neuritis  probable ; 
we  must  wait  to  learn  how  far  the  morbid  state  of  the  cord  is  constant, 
and  whether  the  changes  in  tbe  nerves  take  origin  in  developmental 
conditions.  It  is  quite  possible  that  they  may  share  the  condition  of 
arrested  development,  entailing  a  liability  to  later  morbid  changes, 
especially  in  view  of  the  analogous  conditions  observed  in  the  case 
mentioned  on  p.  469.  §    At  the  same  time,  it  is  possible  that  the 

•  «  Om.  Hebd.,'  1883,  Nos.  35—44. 

t  The  chief  writings  are  those  of  Loaazel,  '  La  Maladie  de  Monran,'  Paris,  1800; 
JofFroy  and  Achard,  'Arch,  de  Med.  Exp.,'  1890;  Charcot,  'Prog.  M^'  18d0, 
Not.  11  and  12 ;  H&ckel,  '  Munch,  med.  Wochenschr.,'  1889. 

X  Qombaalt,  quoted  by  Charcot ;  Joffroy  and  Achard, '  Arch,  de  MM.  ezp.,'  1891. 

§  In  a  case  recorded  by  Jolly  ('  Charit^  Ann.,'  xri,  1891)  there  was  also  a  con- 
genital anomaly  of  the  fingers,  a  web  of  skin  between  the  third  and  fourth  fingers 
of  each  hand. 
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Bjmptoms  of  this  affection  maj  be  dae  to  local  neimtia  of  TarioDs 
nature,  and  we  must  be  cautious  in  inferring  from  them  that  the 
pathological  state  is  the  same  in  origin  in  all  cases.  In  some  instances 
the  malady  has  been  apparently  set  up  by  an  injury.  The  affection 
has  been  met  with  in  both  sexes,  but  more  frequently  in  males,  and 
has  generally  commenced  during  the  first  half  of  adult  life,  between 
twenty  and  forty.  When  local  injury  has  preceded  the  symptoms  it 
has  sometimes  been  at  a  considerable  interval  (Hackel),  and  it  htm 
been  unilateral  when  the  latter  have  been  bilateral,  so  that  its  relation 
to  them  is  uncertain. 

The  characteristic  symptoms  are  in  the  upper  extremities ;  only  in 
rare  cases  do  the  feet  suffer  at  a  late  period.  Neuralgic  j>ains  may 
occur  first,  but  the  definite  symptoms  consist  of  weakness  and 
muscular  wasting  in  the  hands  and  forearms,  loss  of  all  fonns  of 
sensation,  and  especially  a  peculiar  trophic  change — whitlows  on  the 
fingers,  with  recurring  deep  ulcerations  in  rarious  parts  of  the  digits ; 
those  near  the  extremity  of  the  fingers  may  only  heal  with  the  loss  of 
some  of  the  terminal  phalanges.  The  loss  of  sensibility  involves  all 
forms,  and  usually  precedes  the  occurrence  of  the  whitlows,  so  that 
these  are  painless— a  peculiarity  which  constitutes  the  most  salient 
feature  of  the  disease,  and  suggested,  in  the  first  instance,  its  s|iecial 
character.  Occasionally  the  trophic  disturbance  precedes  the  anes- 
thesia, and  the  whitlows  and  ulcers  are  then  painfuL  The  latter  are 
deep,  and  often  resemble  the  perforating  ulcers  of  tabes ;  cracks  in 
the  skin  accomj^any  them,  and  the  nails  shrivel  and  split.  Yaso- 
niotor  derangements,  lividity  and  pallor,  often  precede  and  accompany 
the  disturl^iuce  of  nutrition.  The  pn^ress  of  the  affection  is  very 
slow,  and  extends  over  many  years;  one  hand  is  asu&lly  affected 
some  time  before  the  other.  The  elec^ical  irritability  of  the  nerves 
of  the  part  has  been  found  normal  in  the  early  stage,  and  slowly  Tanish- 
ing  as  the  mala<iy  progressed.  Although  the  trophic  changes  are 
limited,  as  a  rule,  to  the  hands,  and  f  be  muscular  wasting  does  not 
extend  alK>ve  the  forearms,  the  loss  of  sensatitm  is  occasionally  more 
extensive,  involving  the  whole  arms,  parts  of  the  trunk,  and  even  the 
face  An  affection  of  the  shoulder- joint  has  been  observed.*  The 
feet  are  oocas  onallv,  th'>ujfh  rarelv,  the  seat  of  ansesthetic  ulceration ; 
the  levrs  have  also  l^en  lound  weak,  with  excessive  knee-jeik  and 
foot  clonus  (Hickel). 

In  the  autobsv  that  was  made  bv  Gombaalt  nenritis  was  found 
in  K^th  arms,  and  also  a  diffuse  overgTx>wth  of  connective  tissue  in 
the  p»>sxerior  {4Ut  of  the  invv  mat'^er  of  the  cord  and  the  posterior 
columns.  This  growth  involved  also  the  coats  of  the  ressels,  whidi 
were  in  pl.%ces  ro  ihiokered  as  to  obliterate  their  cavity.  Nenritit 
h^s  also  bt^n  ir^T^riaVly  found  in  the  extremities  of  the  fingers  whfo 
these  have  divj  f^ed  off, 

I  be  :ea:ures  of  tbe  zna'ady  are  so  {^«cnliar  that«  if  thej  are  known. 
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the  Dature  of  a  case  cannot  well  be  mistaken.  Ansestlietic  leprosj 
presents  the  closest  resemblance,  but  in  this  the  peculiar  ulcerations 
are  absent,  and  pigmentary  alterations  occur  in  the  skin;  while  in 
Bajnaud's  disease  there  is  not  the  peculiar  loss  of  sensibility,  nor  an 
equal  tendency  to  whitlows,  and  vaso-motor  disturbance  is  a  more 
conspicuous  feature.  In  the  peculiar  malady  known  as  "sclero* 
dactyla "  (a  form  of  scleroderma  that  affects  the  fingers  and  face), 
there  is  no  loss  of  sensibility  or  tendency  to  destruction  of  the  finger 
ends.  Simple  syringe- myelia  is  distinguished  by  the  common  absence 
of  the  whitlows,  by  the  subordination,  in  time  and  degree,  of  the 
trophic  changes  to  the  other  symptoms,  and  by  the  common 
preservation  of  tactile  sensibility.  But  the  distinction  is  probably 
not  an  absolute  one.  In  Morvan's  disease  there  is  peripheral  neuritis 
as  well  as  sjriugo-myelia,  and  to  this  is  due  its  s|>ecial  features, 
and  esj^ecially  the  early  and  intense  trophic  disturbance.* 


Spina  Bifida. 

Spina  Bifida,  or  split  spine,  depends  on  a  defect  in  the  closure  of 
the  vertebral  arches,  which  usually  leads  to  the  protrusion  of  the 
membranes  as  a  sac,  forming  an  external  tumour,  into  which  the  lower 
part  of  the  spinal  cord  often  extends,  normal  or  variously  altered  in 
conformation,  sometimes  even  reduced  to  a  neural  lining  of  part  of  the 
wall.  Barely,  there  is  no  external  prominence — a  form  known  as 
"  spina  bifida  occulta."t  The  condition  is  most  common  in  the  lumbar 
region  of  the  spine ;  sometimes  is  present  at  more  than  one  place,  very 
lurely  in  the  whole  length  of  the  vertebral  column.  It  is  met  with 
in  about  one  child  out  of  every  thousand  bom  (Chaussier).  The 
disease  is  one  of  chiefly  surgical  iuterest,  and  therefore  only  an  outline 
of  the  more  important  facts  is  here  given.  The  spinal  cord,  whether 
normal  or  not,  generally  reaches  lower  than  usual  in  the  vertebral 
canal,  as  it  does  at  the  early  period  of  development,  when  the  morbid 
state  is  produced, — becoming  adherent  at  its  lower  extremity  and 
remaining  so.  In  many  cases  the  central  canal  of  the  cord  is  enlarged 
above,  and  the  lower  part  of  the  cord  may  also  be  similarly  distended. 

The  precise  condition  presents  many  variations,  which  can  be,  in  part 
at  least,  understood  by  what  is  known  of  the  process  of  development,  a 
subject  thai  has  been  very  ably  discussed  by  Bland  Sutton.  The 
essential  element  in  spina  bifida,  the  defect  in  the  vertebral  arches, 

*  The  absence  of  any  fundamental  difference  between  this  malady  and  syringo- 
myelia has  been  pointed  out  by  Bernhardt  ('  Verb.  Vereins  inn.  Med./  Berlin, 
January  19tb,  1891)  and  Jolly  (loc.  cit.).  But  the  additional  element  of  neuritis 
must  not  be  ignored. 

t  The  best  accounts  of  spina  bifida  are  in  the  "  Report  of  the  Committee  of  the 
Clinical  Society"  (*  Transactions,'  1835),  and  Bland  Sutton's  **  Lectures  on  Evolution 
in  Pathology  "  (<  Lancet,'  February  25th,  1888).  Spina  bifida  occulta  is  described  by 
the  same  writer  in  the  '  Lancet,'  February  2oih,  ld87« 
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depends  on  a  deficiencj  in  that  ingrowth  of  the  metoblast  from  each 
side  which  should  enclose  the  embrjonal  spinal  cord,  and  form  bone, 
after  the  superficial  epiblastic  layers  have  united  to  form  the  epidermis. 
A  similar  ingrowth  of  mesoblast  forms  the  corium,  muscle,  Ac  This 
api.»arentlj  takes  place  in  excess  in  spina  bifida  occulta,  and  leads  to 
a  curious  condition,  nsuallj  present — an  ezcessiye  growth  of  hair  over 
and  about  the  affected  part»  which  is  generallj  the  lumbo-sacral  region. 
On  the  other  hand,  in  manj  cases  in  which  there  is  a  tumour,  this 
superficial  mesoblastio  ingrowth  seems  to  be  deficient,  as  well  as  that 
for  the  vertebral  arches,  so  that,  at  the  upper  part  of  the  tumour,  there 
is  an  area  in  which  there  is  no  proper  skin,  but  a  peculiar  shiny 
membrane  destitute  of  hair.  It  is  probablj  this  superficial  mesoblastio 
deficiencj  that  permits  the  protrusion,  and  formation  of  an  external 
tumour. 

In  spina  bifida  occulta  the  defect  in  the  arches  can  be  felt  on  pal- 
pation, either  in  the  lumbar  or  sacral  region,  and  the  spinal  cord 
extends  lower  than  normal,  as  in  the  ordiuarj  form.  The  latter,  ia 
which  there  is  an  external  tumour,  presents  three  chief  Taricties, 
according  as  the  sac  contains  only  the  spinal  membranes  (meningocele), 
the  spinal  cord  as  well  as  the  membranes  (meningo-mjelocele),  or  the 
latter  distonded  bj  enlargement  of  the  central  cavitj  (syringo- 
myelocele). These  are  the  chief  classes ;  they  do  not,  indeed,  exhaust 
the  rarer  forms,  but  to  take  full  cognizance  of  these  would  entail  a 
very  complex  list  of  varieties.* 

Of  the  several  forms,  that  without  an  external  tumour  has  been 
least  frequently  met  with,  although  it  is  probable  that  a  knowledge  of 
the  significance  of  the  growth  of  hair  in  the  lumbar  region  would  lead 
to  the  detection  of  this  state  in  many  cases  in  which  it  is  now 
undiscovered.      Putting  this  form  aside,  simple  meningocele  and 

*  Several  other  varieties  are  enumerated  by  Bland  Satton  (loc.  cit.). 

Fjo.  179. — Spina  biAdat  lections  of  m  spinal  cord,  from  a  cate  tlie  ffymptomn  and 
history  of  which  I  was  unable  to  ascertain.  In  A,  cervical  reuion,  the  only  abnor- 
mality is  a  large  cruciform  central  canal  and  an  unusually  thick  grey  commissure. 
Thi«  continues  through  the  dorsal  region,  at  the  lowest  part  of  which  there  is  a 
great  change.  In  B,  the  canal  is  Urgcr,  and  the  necks  of  the  posterior  boms  (and 
poiiterior  venicular  columns)  are  united  by  much  commissural  tissue  ;  in  this,  many 
vortical  fibres  could  be  seen,  and  others  running  from  before  backwarda  in  the 
middle  line.  In  C,  an  extension  of  the  canal  backwards  baa  taken  place,  and  it  is 
bounded  by  a  sinuous  membrane ;  the  onter  part  of  the  g^y  substance  is  atro- 
phied. In  D,  the  cavity  has  extended  into  each  posterior  horn  almost  ap  to  the 
surface  of  the  cord,  in  part  by  a  breaking  down  of  tissue,  because  the  membrane 
limiting  the  enlarged  canal  remains  undestroyed.  In  E,  still  at  the  junction 
of  the  (lorsiil  and  lumbar  regions,  the  cavity  has  receded  from  the  left  horn.  In 
F,  the  division  of  the  cord  has  taken  place,  not  in  the  direction  of  the  cavity  in 
tlie  horn  (which  is  filled  up),  but  in  the  middle  line,  at  or  close  to  the  median 
septum.  In  G,  a  wider  separation  of  the  posterior  colnmna  has  taken  place,  and  a 
cavity  has  formed  on  the  right  side,  which  extends  into  the  horn,  and  almost  cuts 
oft  iho  {x>8terior  column.  In  H,  the  cord  U  spread  out  and  formed  part  of  the  wall 
of  t))o  sac.  The  po»tcrior  nerve-roots  (p  r)  mark  the  position  at  which  the 
posterior  horn  corat'S  to  the  surface.  The  grey  matter  Is  in  many  parts  atrophied 
and  translucent,  Mn<l,  in  H.  contains  many  large  vessels.  The  septal  lobulation  on 
the  surface  of  the  cord  is  greater  thau  normal. 
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syringomyelocele  are  both  rare;  the  commoD  form  is  meDingo- 
myelocele,  in  which  the  cord,  altered  or  intact,  extends  withiu  the  sac 
The  Clinical  Society's  Committee  found  that  this  was  the  condition  in 
62  per  cent,  of  the  cases  in  which  there  was  an  external  tumour.  The 
lower  part  of  the  spinal  cord  is  generally  adherent  to  the  posterior 
wall  of  the  sao,  where  its  traction  often  causes  a  depression  on  the 
surface,  always  at  the  membranous  area,  which,  as  already  mentioned, 
is  generally  to  be  obsenred  in  the  upper  portion.  The  cord  may  again 
become  free,  and  extend  downwards  in  the  cavity,  or  it  may  be 
flattened,  expanded,  and  lost  in  the  wall,  of  which  its  tissue  reaUy 
forms  an  inner  layer.  In  this  layer  there  is  no  distinction  of  grey  and 
white  substance.  In  either  case,  the  lower  nenres  arise  in  the  wall,  and 
pass,  first  in  this,  and  then  forwards,  across  the  cayity,  to  their  fora- 
miua  of  exit.  The  arachnoid  always  extends  into  the  sac*  and  the 
fluid  is  that  contained  within  the  subarachnoid  space;  sometimes 
there  is  an  external  opening  from  which  the  fluid  flows. 

As  a  rule,  the  central  canal  of  the  cord  is  not  continuous  irith  the 
sac ;  and  it  may  be  closed,  even  in  the  condition  of  syringo- myelocele,  in 
which  the  canal  is  dilated.  In  other  cases  the  canal  opens  into  the 
cavity,  sometimes  by  only  a  small  aperture,  even  when  the  lower  part  of 
the  cord  expands  into  the  wall,  and  the  nerves  course  along  the  wall 
in  a  layer  continuous  with  the  arachnoid  and  superficial  to  the 
membrane  that  represents  the  cord- tissue  from  which  they  arise. 
As  stated,  ordinary  syriogo-myelia  may  exist  in  the  upper  part  of  the 
cord.  The  extension  of  the  cord  in  the  wall  of  the  sac  probably 
indicates  a  developmental  defect  similar  to  that  of  the  bonj  canal; 
in  the  lumbar  region  the  primitive  canal  has  failed  to  dose,  so  that 
the  cord  is  open  posteriorly,  and  the  two  posterior  columns  mtj  even 
be  far  apart,  or  the  cord  may  even  be  applied*  in  the  form  of  a  thick 
or  thin  lamini^  to  the  wall  of  the  sac 

An  instructive  although  rare  example  of  the  involvement  of  the 
eord  m  the  developmental  effect  is  shown  in  Fig.  179,  which  illus- 
trates also  the  manner  in  which  the  lattor  may  involve  in  some  d^ree 
the  whole  cord.  In  the  cervical  region  the  grey  commissoie  is 
unusually  large,  and  the  canal  is  cruciform,  a  shape  which  it  presents 
at  one  period  of  development,  and  which  is  hoe  persistent.  This 
condition  obtains  throughout  the  dorsal  region  until,  in  the  lower 
part,  the  tissue  behind  the  commissure  is  so  abundant  as  to  unite  the 
necks  of  the  posterior  horns.  B^w  this,  the  canal  ^ilarges  into  a 
condition  of  sThngo>myelia»  surrounded  by  the  abnormal  tissue  which, 
as  we  have  seiai,  is  commonly  associated  with  such  enlargement ;  the 
canal  is  limited,  moreover,  by  the  sinuous  membtmaa  thai  is  so  often 
met  with  see  p.  567).  The  cavity  extends  also  into  the  postericv 
horcs^  clearly  by  a  pr.v'ss  of  disintegration,  since  inn  the  membrane 
lining  the  enl&rv;^  .^aal  persists,  and  marks  the  Baut  of  the  canal  and 
the  extent  of  the  simple  disintegration.  The  progresstve  separation  of 
the  pocytehi^r  columa^  is  si.own  ia  v,  Q^  and  H.    In  the  lowest  part 
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of  the  cord,  the  deyelopment  of  the  posterior  oolumiiB  has  been  appa- 
rently hindered,  as  will  be  observed  if  o  be  compared  with  f.  In  the 
former  there  are  also  some  fissures  in  the  grej  substance,  formed 
apparentlj  bj  disintegration.  The  grej  substance  of  the  cord  is  con- 
spicuouslj  wasted  in  the  lumbar  region,  tbin  and  translucent. 

In  rare  cases  there  has  been  no  proper  development  of  the  cord. 
It  was  represented  bj  a  mere  ucrve-like  string  in  a  child,  who  also  had 
hydrocephalus,  but  lived  five  weeks.  Another  child  of  the  same  parents 
bad  a  similar  condition.* 

Symptoms. — If  the  cord  is  intact,  symptoms  maj  be  absent.  In 
the  cases  in  which  there  is  an  external  opening,  and  a  constant  escape 
of  cerebro-spinal  fluid,  the  child  usually  dies  in  a  few  weeks.  In 
other  cases  the  defective  development  of  the  lower  part  of  the  cord, 
or  its  distension  in  syringo-myelocele,  is  manifested  by  an  absence  of 
function,  amounting  to  complete  paraplegia  in  severe  cases,  which 
also  seldom  live.  Some  cases,  however,  survive,  with  paralysis  and 
wasting  of  the  legs,  and  often  absence  of  power  over  the  sphincters. 
In  slighter  forms  the  paralysis  and  wasting  have  been  partial,  either 
existing  from  the  first,  or  supervening  at  some  later  period,  probably 
from  the  occurrence  of  damage  to  the  nerve-roots  or  cord-tissue  by  in- 
creased tension,  or  by  inflammation ;  of  the  latter  abundant  traces 
may  be  found  after  death,  and  various  external  influences  may  readily 
set  it  up.  Some  children,  wbose  legs  have  appeared  natural,  have  never 
been  able  to  stand  ;  possibly  the  defect  in  the  posterior  columns  has 
given  rise  to  a  sort  of  congenital  tabes.  Even  in  the  slighter  forms, 
including  spina  bifida  occulta,  paralysis  and  atrophy  have  come  on 
after  some  years,  and  even  after  adult  life  has  been  reached.  Indeed, 
in  the  unsuspected  forms  without  a  tumour,  there  may  be  special 
danger  of  injury  to  the  unprotected  structures,  and  damage  to  the 
nerve-roots.  The  muscular  paralysis  and  atrophy  have  been  usually 
below  the  knees,  and  the  muscles  least  prone  to  suffer  are  thetibiales 
anticL  Hence  talipes  varus  tends  to  occur.  These  muscles  may 
alone  persist,  probably  from  the  higher  position  of  origin  of  their 
nerves  (Bemak).  Another  peculiarity  of  these  cases  is  the  tendency 
to  perforating  ulcer  in  the  feet,  which  has  several  times  neces- 
sitated amputation.  Chronic  changes  in  the  tarsal  and  metatarsal 
bones  have  also  been  met  with,  somewhat  like  those  of  tabetic 
arthropathy.f  The  ulcers  suggest  neuritis,  which  was  found  in  one 
case  ;  and,  in  this  and  others,  the  arteries  have  presented  thickening  of 
the  muscular  coat,  even  leading  to  their  closure.  These  symptoms 
may  be  greater  on,  or  confined  to,  one  side,  and  on  this  the  knee-jerk 
has  been  lessened.^     These  points  of  resemblance  to  tabes  may  also  be 

•  S.  Wolfe,  •  Phil.  Rep./  June  2nd,  1883. 

t  In  one  cm83  Sutton  found  the  compact  tissue  very  scanty,  and  the  bones  filled 
with  semi-fluid  fat;  a  deep  ulcer  reached  a  carious  spot. 

t  Details  of  cases  by  Fischer,  v.  Becklintthausf  n,  Bmnna,  and  others,  are  quoted 
by  Bland  Sutton  (loo.  cit.).  See  aho  Dclafoss^  'Th^  de  Paris,'  1874;  iieuiak, 
*  Berlin.  kL  Wocheii»chi'if  t,'  188& 
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the  spine,  are  caused  bj  a  sudden  contraction  of  the  spinal  muscles  in 
some  violent  effort,  a  "  rick  of  the  back/*  as  it  is  popularly  termed. 
It  is  possible  that,  in  such  cases,  the  primary  damage  is  sometimes  to 
the  yertebral  ligaments  and  articulations,  and  that  the  cord  suffers 
secondarily.  The  symptoms  may  only  come  on  a  few  hours  after  the 
injury  in  such  cases,  as  if  effused  blood  compressed  the  cord,  or  the 
tension  upon  it  and  slight  damage  set  up  a  graver  inflammation. 
Thus  a  soldier,  in  a  drunken  quarrel,  was  extended  by  four  comrades, 
two  pulling  on  his  feet  and  two  on  his  arms,  while  a  fifth  sat  on  his 
back.  No  immediate  effect  followed,  but  the  next  morning  there  was 
complete  paralysis  of  both  arms  and  legs,  which  very  slowly  passed 
away. 

Patholoot. — The  anatomical  lesions  in  cases  in  which  the  vertebral 
column  is  not  injured  vary  much  in  different  cases.  Haemorrhage  is 
often  found,  sometimes  outside  the  dura  mater,  sometimes  on  the 
inner  surface  of  the  membrane,  in  the  pia  mater,  in  the  substance  of 
the  cord  itself,  very  rarely  into  the  central  canal.*  Occasionally  the 
substance  of  the  cord  has  been  found  lacerated  when  the  vertebral 
column  has  not  been  injured.  In  many  cases  there  is  local  softening, 
commonly  yellow  in  tint,  sometimes  mingled  with  red,  often  involving 
the  whole  thickness  of  the  cord,  and  occasionally  extending,  as  central 
softening,  through  a  considerable  vertical  extent.  Under  the  micro- 
scope, the  usual  products  of  inflammation  are  seen,  sometimes  with 
hssmatoidin  crystals.  Such  softening  may  occur  rapidly  in  severe 
local  concussion,  and  be  found  complete  a  few  weeks,  or  even  a  few 
days,  after  the  injury. f  On  the  other  hand,  in  some  cases  of  complete 
paralysis,  no  lesion  of  the  cord  has  been  found,  either  with  the  naked 
eye  or  the  microscope,  a  few  days  after  the  inj ury .  X  lu  other  instances, 
in  which  the  cord  is  examined  some  weeks  or  months  after  the  accident, 
the  signs  of  chronic  myelitis  are  found,  in  scattered  foci  or  more 
diffuse  tracts,  in  the  white  columns  or  grey  substance.  The  nerve- 
fibres  are  wasted,  and  the  connective-tissue  elements  are  increased  in 
quantity,  and,  in  the  early  stages,  there  may  be  a  leucocy  tal  infiltration 
about  the  vessels,  dilatation  of  the  capillaries,  and  minute  extravasa- 
tions, although  none  may  have  been  visible  to  the  nak*;d  eye.  In  the 
anterior  comua  the  motor  nerve-cells  may  be  damaged,  sometimes 
swollen  and  vacuolated,  or  shrunken,  and  the  anterior  root-fibres  may 
be  degenerated.  The  grey  matter  is  especially  apt  to  suffer  when  the 
enlargements  are  injured ;  in  the  dorsal  region  the  change  may  be 
confined  to  the   white  columns.    Ill-defined  cavities  may  exist  in 

*  As  in  a  case  reported  by  Chucau  aud  Wickham,  *  Prog.  Med.,'  1887.  Probably 
it  ia  only  wheu  the  canal  u  previously  dilated  that  this  occurs,  as  it  may,  without 
•arioQS  injury  to  the  nerve-tisKue. 

t  Edmunds,  *  Brain,'  vol.  vii,  p.  103 ;  Obersteiner,  '  Wien.  med.  Jahrb.,'  Bd.  iii, 
1879;  Lochner, '  Bayer.  Aerztlich.  Int-bL,'  1857,  No.  42 ;  Fromuller,  *  Memorabilien,* 
1870,  No.  12.  In  the  last,  described  further  on,  softening  was  found  thirty-two 
hours  after  the  injury. 

I  Fischer,  *  Deut.  Zeitschr.  f .  Chirurg.,'  1883,  Bd.  six. 
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old  cases,  where  the  nerve -elements  have  perished.  The  UBoal 
ascending  and  descending  degenerations  maj  be  found  above  and 
below  the  most  damaged  parts.  Occasionally  there  are  indications  of 
meningitis,  diffuse  or  disseminated,  and  sometimes  confined  to  the 
dura  mater. 

Symptoms. — The  effects,  immediate  and  remote,  of  injuries  of  the 
spinal  cord  extend  over  almost  the  whole  range  of  symptoms  of  cord- 
disease,  and  their  variations  in  character  and  course  are  almost  infinite. 
It  is  therefore  neither  practicable  nor  necessary  to  do  more,  in  this 
place,  than  to  describe  their  general  characters.  According  to  the 
difference  in  course,  we  may  divide  them  into  three  classes.  (1) 
Those  in  which  the  injury  causes  immediate  and  severe  paralysis, 
due  to  instant  damage  to  the  spinal  cord,  the  consequence  of  its 
laceration,  compression,  or  concussion.  (2)  Those  in  which  there  are 
at  first  either  no  symptoms  or  only  trifling  disturbance  of  function, 
but  in  which  grave  symptoms  come  on  a  few  days  or  weeks  after  the 
injury.  (3)  Those  in  which  there  are  no  early  symptoms,  or  only 
slight  and  transient  disturbance,  but  at  the  end  of  one  or  several 
months,  symptoms  gradually  come  on,  often  such  as  indicate  disease 
of  some  definite  system  of  structure  of  the  cord,  degenerative  in 
nature. 

(1)  The  first  class,  in  which  the  injury  causes  instant  and  considerable 
disturbance  of  function,  includes  the  cases  in  which  the  cord  is  directly 
injured,  and  also  some  in  which  there  is  no  yisible  sign  of  damage  if 
the  patient  dies  within  a  few  days.  In  the  former  class  there  is 
often  a  manifest  lesion  of  the  spine,  and  the  cases  are,  at  least  at  first, 
purely  surgical  in  their  practical  relations.  In  the  latter,  the 
mechanical  influenco  has  apparently  abolished  the  function  of  the 
nerve>eiements.  If  such  patients  live  longer,  either  quick  reooyerj 
ensues,  or  local  softening  from  disintegration  of  the  fibres  that  are 
most  damaged.  It  is  an  interesting  fact  that  concussion  may  thus 
derange  function.  The  absolute  integrity  of  structure  on  early  micro- 
scopical examination  shows  that  the  result  is  not  due  to  any  minute 
Tasoular  lesion.  The  effect  has  been  compared  bj  Reynolds,  not 
inaptly,  to  the  demagnetisation  of  iron  by  a  blow.  Doubtless  the 
influence  is  exerted  on  the  molecular  nutrition  of  the  nerve-elements, 
and  the  possibility  of  recovery,  or  the  sulist^quent  structunil  disinte- 
gration, de(»ends  u|>on  the  degree  of  nutritional  damage.* 

The  symptoms,  in  these  cases  of  severe  and  immediate  effect,  are 
gviiemlly  those  of  complete  impairment  of  function.  When  the  injury 
is  direct  and  partial,  such  as  a  hemisection  by  an  incised  wound«  or  a 
}>artial  bruise  of  the  cord  by  a  spiculum  of  bone  being  driven  against 
it  ^as  in  the  case  mentioned  at  p.  197),  the  effect  maj  be  a 
(0.^.  one-sided)  derangement  of  function;  but  in  most  other 


*  ThMe  coDcIu&ioiis  httve  been  recently  fonnolAtcd  mors  definitely,  bvi  witboni 
e»s«>iiti.il  eYtfUiuon*  bj  ^-h  iiiaue,  p^tljr  frum  cij^^rimeaa  ••  nibhita  (*  MiiiciL 

UvK- hen  soil./  18lH>). 
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there  is  abolition  of  all  the  conductmg  functions  at  the  level  of  the 
injur  J.  There  is  complete  paraplegia,  motor  and  sensory,  with  loss 
of  power  over  the  sphincters.  The  symptoms  are  thus  those  of  a 
total  transverse  lesion  at  the  affected  level  (see  p.  226).  When  the 
cervical  region  is  injured,  the  arms  are  necessarily  affected  according 
to  its  seat.  Such  cases  often  illustrate  very  clearly  the  relation  of 
arm-function  to  the  cord.*  The  fibres  for  the  sympathetic  are  often 
implicated,  especially  those  for  the  iris,  causing  inequality  of  the  pupils. 
I^eflex  action  below,  abolished  at  first  by  shock,  usually,  soon  returns 
and  becomes  exoessive,  but  remains  ahsent  if  the  lumbar  enlargement 
is  damaged,  or  is  invfided  by  haemorrhage ;  it  may  be  again  lost  by 
the  downward  extension  of  secondary  inflammation,  which  is  equally 
effective  when  partial  (in  the  posterior  columns  or  grey  matter)  as 
when  total,  and  is  more  difficult  to  detect  in  the  former  case.f  Loss 
of  consciousness  is  occasionally  produced  by  an  injury  which  does  not 
directly  involve  the  bead,  as  in  the  case  mentioned  on  p.  590; 
vomiting  is  very  common  at  the  outset.  The  cases  of  direct  injury 
often  run  a  severe  and  rapid  course ;  and  when  the  secondary  inflam- 
mation spreads  downwards,  or  the  lower  part  of  the  cord  is  injured  (as 
is  frequently  the  case),  the  tendency  to  trophic  changes  in  the  skin, 
and  to  the  occurrence  of  cystitis  and  pyelo-nephritis,  is  very  great. 
(Edema  of  vaso-motor  origin,  and  effut  jn  into  joints,  may  be  pre- 
sent in  the  early  stage.  If  the  cord  has  been  directly  injured  in  its 
whole  thickness,  survival  beyond  a  fortnight  is  rare.  When  it  is 
damaged  indirectly,  with  secondary  softening — in  what  may  be  termed 
concussion  myelitis — death  occurs  lesn  rapidly,  but  many  patients  die 
at  the  end  of  four  or  six  weeks,  while  in  those  who  survive  the  first 
two  months  slow  recovery  often  occurs.  Even  in  such  cases,  death 
sometimes  occurs  very  quickly,  but  it  is  possible  that  there  is  then  a 
laceration  of  the  cord.  A  man,  whose  case  has  been  recorded  by 
Fromuller,  was  struck  on  the  back,  at  the  level  of  the  third  dorsal,  by 
a  heavy  beam,  and  had  loss  of  motion  and  sensation  up  to  the  level 
of  the  nipples.  The  palsy  of  the  muscles  of  respiration  increased, 
and  he  died  from  asphyxia  at  the  end  of  thirty-two  hours.  At  the 
spot  struck  the  cord  was  reduced  to  a  pulp  for  8^  cm.,  without  any 
bsemorrbage. 

The  following  case  illustrates  the  occasional  loss  of  consciousness, 

*  See  especially  Thorburn,  *  Bnin,'  January,  1887. 

t  This  is  the  explanation  of  most  cases  of  injury  above  tbe  Inmbar  enlarg^ement, 
with  permanent  loss  of  myotatic  irritability,  or  of  all  reflex  action,  as  in  those 
described  by  Bowlby  ('  Lancet/  1890,  i,  1071).  Such  descending  inflammation  mnst 
not  be  confused  with  the  descending  degeneration  in  the  pyramidal  tracts  which 
entails  myotatic  excess.  The  very  rare  exceptions  mentioned  on  p.  229,  in  which 
such  loss  exists  with  no  lesion  to  explain  it,  may  be  associated  with  the  fact  that 
myotatic  irritability  is  sometimes  lost  in  cases  of  cerebellar  tumonr.  But  the  fact 
that  superficial  reflex  action  in  the  legs  is  never  lost  unless  the  lower  part  of  the  cord 
is  diseased,  is  one  of  the  most  certain  in  pathology.  Proof  of  such  descending  in- 
flammation is  given  in  the  chnpter  on  tumours  (p.  652,  note). 
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when  there  is  no  evidence  of  any  cerebral  lesion.  A  heavy  weight 
fell  upon  a  man's  back ;  he  was  unconscious  for  two  days,  and 
at  the  end  of  that  time  the  legs  were  completely  paralysed,  and  con- 
tinued so  for  three  months,  with  retention  of  urine.  Then,  improTe- 
ment  commenced,  in  the  left  leg  before  the  right,  and  in  the  latter 
some  spasm  developed.  At  the  end  of  six  months,  he  could  walk 
across  the  room  on  crutches.  Improvement  continued,  but  at  the  end 
of  two  years  his  condition  became  stationary,  and  when  I  saw  him, 
six  years  after  the  accident,  he  could  only  walk  half  a  mile ;  the  right 
leg  was  still  weak  in  all  parts,  and  a  foot-clonus  was  present  in  each 
leg,  greater  in  the  right  than  in  the  left. 

In  cases  in  which  the  lowest  part  of  the  back  receives  the  force 
of  the  blow,  as  when  a  severe  fall  ends  in  the  sitting  posture,  and  the 
sacral  region  is  struck,  the  nerves  of  the  cauda  equina  seem  often  to 
be  specially  damaged,  and  the  posterior  roots  in  greater  degree  than  the 
anterior.  The  effect  is  to  cause  loss  of  sensibilitj  in  the  legs,  varying 
in  extent  and  seat  according  to  the  part  injured,  in  some  instances 
specially  great  about  the  anus,  in  others  extending  over  almost  the 
whole  of  the  legs,  in  others  again  it  is  chiefly  in  the  sciatic  area :  all 
forms  of  sensation  are  usually  involved.  It  is  generally  accompanied 
by  some  muscular  paralysis  and  rapid  atrophy,  with  the  reaction 
of  degeneration,  especially  in  the  muscles  below  the  knees.  Barely 
no  muscular  paralysis  exists;  but  there  is  loss  of  power  over  the 
sphincters  in  most  cases.  Keflex  action  is  lost,  and  trophic  changes 
are  readily  produced,  both  on  the  feet  and  over  the  sacrum.  The 
sensory  loss  is  often  permanent ;  the  injury  to  the  nerve-roots  being 
apparently  too  severe  to  permit  recovery.  As  the  case  just  mentioned 
shows,  when  the  earlier  effects  of  the  injury  are  survived  and  im- 
provement sets  in,  it  is  remarkable  how  long  this  may  continue,  and 
how  considerable  a  degree  of  recovery  may  be  ultimately  attained,  it 
may  be  in  the  course  of  three  or  four  years. 

(2)  In  cases  of  the  second  class  initial  symptoms  are  absent  or  slight. 
After  the  accident  the  sufferer  may  not  imagine  himself  injured,  and 
may  be  able  to  walk  some  distance  without  inconvenience.  In  other 
instances  there  is  tingling  in  the  legs,  or  in  all  the  limbs,  immediately 
after  the  concussion,  sometimes  with  some  weakness  of  the  limbs, 
more  often  with  a  feeling  of  stiffness.  In  the  course  of  a  few  days 
graver  symptoms  come  on,  usually  attended  with  spinal  pain  and 
tenderness,  sometimes  with  some  stiffness  of  the  back,  and  often  with 
pyrexia.  Tingling  in  the  limbs  increases  or  develops,  and  is  accom- 
panied by  weakness,  which  often  goes  on  to  complete  paralysis  in  the 
course  of  one  to  four  weeks.  The  symptoms  vary  in  their  character 
and  distribution,  according  to  the  position  of  the  morbid  process  and 
its  extent.  In  some  cases,  in  which  the  dorsal  region  is  most  affected, 
the  symptoms  are  those  of  simple  paraplegia,  usually  ¥ritta  spasm,  and 
sometimes  with  early  contraction  of  the  muscles.  In  other  cases,  in 
which  the  grey  matter  of  the  enlargements  suffers,  there  ia  scattered 
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mnsoular  atropbj  in  the  limbs,  often  with  indications  of  tlie  degene* 
ratiye  reaction.  Tremor  in  the  limbs  is  conspicuous  in  some  in- 
stances. A  girdle-pain  in  the  trunk,  or  sense  of  constriction  in  the 
limbs,  is  verj  common.  Thq  sphincters  generally  suffer,  and  the  ten- 
dency to  trophic  changes  is  usually  strong.  The  character  and  course 
of  the  symptoms  is  that  of  a  subacute  myelitis,  and  the  meagre  facts 
of  morbid  anatomy  lea^e  little  doubt  that  this  is  the  common  lesion. 
Thus  a  lady  was  seyerely  shaken  in  a  railway  collision.  She  seemed, 
immediately  after  the  accident,  to  have  suffered  no  injury,  but  in  a 
few  days  paraplegia  developed,  and  from  its  consequences  she  died  six 
weeks  after  the  accident.  Throughout  the  dorsal  region  of  the  cord 
I  found  indications  of  subacute  myelitis,  chiefly  in  the  white  columns, 
▼aiying  in  its  extent  in  different  regions,  but  in  most  parts  con- 
siderable in  the  pyramidal  tracts.*  Complete  motor  and  sensory  palsy, 
up  to  the  level  of  the  umbilicus,  developed  in  the  course  of  a  week, 
after  a  fall  downstairs  in  which  the  back  struck  successive  steps, 
although  the  patient  was  able  to  walk  immediately  afterwards.  The 
symptoms  in  these  cases  are  sometimes  unilateraL  A  man,  driving 
under  a  low  archway,  leaned  back  to  save  his  head,  and  his  spine  was 
pressed  suddenly  against  the  sharp  edge  of  the  seat-back.  He  felt 
but  little  immediate  effect,  but  in  the  course  of  two  or  three  days, 
complete  motor  palsy  of  the  left  leg  came  on,  accompanied  by  hypenes- 
thesia,  but  without  any  loss  of  sensation  either  in  that  leg  or  in  the 
other.  Power  slowly  returned  at  the  end  of  three  months,  and  was 
in  time  perfect.  In  some  cases  of  this  kind  the  symptoms  are  due 
not  to  direct  damage  to  the  cord,  but  to  its  compression  by  inflam- 
matory products  outside  it,  the  result  of  injury  to  the  vertebral  column* 
A  clergyman  was  thrown  from  his  horse,  and  there  was  immediately 
sufficient  weakness  of  the  legs  to  prevent  him  from  walking ;  this 
subsequently  increased,  so  that  at  the  end  of  a  fortnight  the  right 
leg  was  completely  paralysed,  while  the  left  retained  considerable 
power.  There  was  a  girdle-pain  at  the  level  of  the  umbilicus,  and  a 
bedsore  formed,  but  he  slowly  improved,  and  regained  the  power  of 
standing  at  the  end  of  eight  months.  Such  symptoms  may  come  on 
weeks  after  the  concussion,  especially  when  the  effects  of  this  are  so 
slight  as  to  be  disregarded,  and  the  patient  leads  his  usual  life. 

When  the  damage  involves  the  grey  matter,  the  extent  of  the 
muscular  wasting  varies  greatly.  It  seldom  affects  both  arms  and 
legs,  but  it  is  usually  irregular  in  distribution,  sometimes  wide-spread, 
sometimes  limited.  Thus  a  young  man  fell  from  a  horse  and  pitched 
on  the  head.  He  was  stunned,  and  on  recovering  consciousness  about 
two  hours  later,  felt  **pins  and  needles"  in  both  hands  and  pain  in 
the  back,  followed  by  swelling  of  the  neck  and  difficulty  in  moving  it. 

*  In  the  face  of  such  a  cuse  as  tbit,  it  ia  tuperfluoot  to  ditcoM  the  question  raised 
by  some  writers  whether  or  not  the  cord  can  suffer  concassion.  Moreover,  it  ia 
certain  that  snch  an  eifect  as  was  extreme  in  this  case,  may  and  must  often  occur  in 
slighter  degree. 
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The  tingling  ceased,  but  was  followed  bj  a  sense  of  oppression  about 
the  shoulders,  and  persistent  pain  in  the  ceryical  region  of  the  spine. 
When  I  saw  him,  two  months  later,  there  was  some  weakness  of  the 
right  arm  and  wasting  of  the  two  outer  iuterossei,  and  of  that  part  of 
the  long  extensor  which  acts  on  the  two  outer  fingers,  with  loss  of 
farad ic  and  preservation  of  voltaic  irritability. 

Sensory  symptoms  are  prominent  in  some  cases  of  this  class. 
Besides  the  pain  in  the  spine,  to  be  presently  mentioned,  pains  are 
often  felt  in  the  legs,  various  in  character ;  still  more  frequent  are 
spontaneous  sensations  of  tingling,  "pins  and  needles,"  and  the 
feelings  of  defective  sensibility  described  as  "  numbness.**  Yarious 
forms  of  hypersBSthesia  are  also  common,  with  or  without  such  sub- 
jective sensations.  This  may  exist  in  any  part,  in  the  soles,  feet, 
thighs,  or  not  infrequently  about  the  genitals.  In  the  latter  region, 
and  about  the  anus,  a  sense  of  coldness  is  often  complained  of.  In 
these  regions  there  may  be  a  distinct  defect  of  sensibility,  but  this 
is  slighter  and  less  frequent  than  in  the  cases  of  the  first  class.  Some 
degree  of  anesthesia  to  touch  may  be  associated  with  increased 
sensitiveness  to  stronger  impressions.  These  sensory  disorders  may 
exist  alone  or  be  accompanie«l  by  motor  weakness.  Slight  unsteadiness 
or  definite  inco-ordination  is  present  in  some  cases,  usually  resembling 
that  met  with  in  ataxic  paraplegia. 

In  cases  which  survive  the  acute  stage  there  is  usually  slow  improve- 
ment, which  is  often  ultimately  very  great  In  many  cases  recovery 
18  incomplete,  but  improvement  goes  on  for  years,  as  it  does  in  the 
cases  of  considerable  damage  to  the  cord  already  mentioned ;  the 
ultimate  degree  attained  is  commonly  much  g^reater  than  in  cases  of 
corresponding  character  and  severity  due  to  other  causes  than  injury. 
Some  permanent  symptoms  are  left,  chiefly  when  the  initial  derange- 
ment of  function  has  been  severe,  and  has  lasted  for  some  time. 

(3)  In  the  cases  of  the  third  class,  chronic  symptoms  slowly  follow  an 
injury  at  an  interval  usually  of  some  months,  and  the  cases  have  the 
aspect  less  of  a  traumatic  lesion  of  the  cord  than  of  a  primary  cord 
disease,  the  relation  of  which  to  the  injury  is  rather  an  inference  from 
the  sequence,  coupled  with  the  absence  of  other  caust'S,  than  an  ob- 
trusive fact,  as  in  the  cases  of  the  first  and  second  clas>es.  The  sym- 
ptoms are  usually  those  of  a  definite  system  disease  of  the  oord,  less 
frequently  those  of  a  disseminated  chronic  myelitis  of  irregular  dis- 
tribution, still  more  rarely  those  of  chronic  focal  myelitis.  Primary 
spastic  paraplegia,  ataxic  paraplegia,  locomotor  ataxy,  and  pro- 
gressive muscular  atrophy  are  the  diseases  which  most  frequently 
thus  result.  The  fact  that  an  injury  is  occasionally  the  cause  of  these 
maladies  has  been  already  mentioned  in  the  account  of  their  etiology, 
and  the  symptoms  of  such  cases  so  far  resemble  those  that  are  due  to 
other  causes  that  it  is  not  necessary  here  to  add  anything  to  their 
history  as  already  given.*     We  must  assume  that  the  shock  to  the 

•  A  case  may,  however,  bo  mentionetl  in  which  typical  tabaa  foUovcd  aknrlj  a 
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nerre-elements  causes  a  slow  perversion  of  nutrition,  wbich  is  only 
manifested  bj  disturbance  of  function  wben  it  bas  gradually  attained 
a  certain  degree.  Occasionally,  otber  causes  co-operate,  capable  of 
producing  degeneration.  Previous  sjpbilis,  or  neurotic  inheritance, 
can  sometimes  be  traced,  and  it  is  a  reasonable  assumption  that  tbe 
predisposition  thus  arising  maj  assist  in  rendering  tbe  traumatic 
influence  efGirient,  or  in  augmenting  its  effects.  Intermediate  cases 
connect  tbis  class  witb  tbe  last,  cases  in  wbicb  we  must  assume,  from 
indications  of  cbronic  inflammation,  tbat  definite  injury  was  produced 
at  one  or  more  spots.  An  instance  of  tbis,  and  also  of  focal  myelitis^ 
was  presented  by  a  man  witb  permanent  spastic  paraplegia  and  an 
intense  girdle-pain  at  tbe  level  of  tbe  umbilicus.  Tbese  symptoms 
commenced  tbree  montbs  after  a  jump  from  a  table,  and  sligbt 
unsteadiness,  witb  pains  in  tbe  legs,  connected  tbe  jump  and  tbe 
paralysis. 

Tbe  several  consequences  of  injury,  wbicb  we  bave  considered  as  oc- 
curring in  separate  form,  are  not  only  connected  by  intermediate  cases^ 
but  are  also  sometimes  distinctly  combined.  Tbus  an  actual  and  imme- 
diate lesion  of  tbe  cord  may  be  associated  witb  an  early  and  severe 
increase  in  tbe  symptoms  from  tbe  development  of  subacute  myelitis 
in  otber  parts.  Tbe  traumatic  inflammation,  at  tbe  spot  damaged,  often 
attains  an  intense  degree,  and  runs  a  severe  course,  in  consequence  of  the 
influence  wbicb  may  give  rise  to  sucb  inflammation  apart  from  a  positive 
lesion ;  and,  in  botb  cases,  tbe  damage  to  tbe  cord  may  be  perpetuated 
by  a  degenerative  tendency.  It  is  very  common,  for  instance,  for  an 
injury  to  tbe  cord,  in  tbose  wbo  bave  bad  syphilis,  to  cause  acute 
symptoms  wbicb  subside,  but  not  perfectly ;  and  tbe  residual  disturb- 
ance of  function  may  persist,  and  even  increase  in  tbe  course  of  years, 
in  consequence  of  tbe  iniiuence  of  tbe  previous  syphilis  in  rendering  the 
nerve-elements  prone  to  degenerate.  Again,  it  bas  been  pointed  out 
that  the  gouty  diatbesis  is  an  unquestionable  cause  of  myelitis,  and  often 
of  the  grave  relapsing  and  spreading  disseminated  variety.  A  concus- 
sion of  the  cord,  which  causes  only  sligbt  symptoms,  may  excite  tbe 
occurrence  of  tbis  form  of  myelitis  in  persons  tbus  predisposed ;  tbe 
symptoms  of  the  later  inflammation  may  come  on  montbs  after  tbe 
injury  (tbe  effects  of  which  have  generally  not  quite  passed  away), 
and  are  sometimes  excited  by  some  over-exertion,  or  slight  fresh  con- 
cussion, which  would  have  had  no  effect  on  a  healthy  individual.  I  bave 
known  the  symptoms  of  insular  sclerosis,  cerebral  and  spinal,  to 
quickly  follow  traumatic  paraplegia. 

One  other  symptom  remains  to  be  considered,  which  is  common  to 
all  forms  of  traumatic  lesion  of  the'  cord,  and  is  often  severe  and  per- 
sistent wben  otber  symptoms  are  slight, — spinal  pain.  It  may  con- 
tinue for  years  after  otber  symptoms  have  ceased,  and  probably 
depends  on  a  neuralgic  state  of  tbe  nerves  of  the  membranes,  or  of 

fall  on  the  back,  recorded  by  Barbour  ('  Journ.  of  NeiTOua  and  Mental  Diieaseib' 
March,  1891,  Case  IV}. 
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those  of  the  vertebral  column  ;  often,  probably,  the  pain  depends  ou 
the  nerves  of  the  joints  and  ligaments  of  the  spine.  It  is  essentiallj 
a  traumatic  spinal  neuralgia.  The  pain  may  be  felt  at  one  or  more 
spots  ;  when  severe,  it  often  extends  through  a  considerable  length  of 
the  spine,  and  sometimes  passes  up  to  the  occiput.  It  is  occasionally 
referred  to  the  sacrum,  and  may  there  have  the  character  of  a  sense  of 
weight  or  more  vague  discomfort.  The  pain  is  associated  with  tender- 
ness of  the  spine,  usually  deep-seated,  chiefly  developed  at  the  injured 
part,  but  sometimes  present  also  at  other  spots.  It  may  gradually 
assume  the  features  of  a  true  neuralgia,  may  occur  in  paroxysms,  and 
be  induced  by  mental  and  other  influences  which  do  not  act  directly 
on  the  spine,  as  well  as  by  exertion,  posture,  and  other  agencies  that 
may  immediately  influence  the  affected  structures.  This  condition  is 
often  called  "  spinal  irritation." 

The  cause  of  traumatic  lesions  of  the  cord  often  acts  also  on  the 
brain.  A  cerebral  lesion  may  occur  from  the  violence  which  affects 
the  cord;  the  cerebral  symptoms  then  coexist  with  those  of  the 
spinal  lesion,  and  may  mask  the  latter  during  the  early  stage.  More 
common,  however,  is  functional  disturbance  of  the  brain,  the  result 
partly,  perhaps,  of  the  physical  concussion,  but  chiefly  of  the  mental 
shock  which  a  serious  accident  necessarily  causes.  The  resulting 
condition  is  favorable  to  the  development  and  persistence  of  sub- 
jective sensory  symptoms.  Attention,  maintained  by  concern,  has  a 
powerful  intensifying  influence  on  all  forms  of  nerve-pain,  and 
certainly  aids  in  keeping  up  the  pain  in  the  back,  and  even  the 
tenderness  which  follows  injuries  to  the  spine.  So  marked  is  the  in- 
fluence of  "  nervousnt  ss "  on  the  subjective  symptoms,  that  it  has 
been  even  maintained  that  in  a  large  number  of  cases  of  concussion  of 
the  spine  the  symptoms  are  of  hysterical  origin.*  Well-marked  sym- 
ptoms  of  hysteria  are  sometimes  manifested  by  these  patients.  But,  on 
the  other  hand,  it  is  necessary  to  avoid  the  danger  of  over-estimating 
the  effect  of  mental  influence,  and  of  regarding,  as  entirely  due  to  this* 
symptoms  which  are  real,  and  are  merely  intensified  by  attention.  The 
danger  is  especially  great  in  cases  of  railway  injuries,  concerning  which 
an  unbiassed  judgment  is  not  easy  to  secure,  and  in  which,  when  ob- 
jective symptoms  are  absent,  it  is  easy  to  minimise  suffering,  and 
attribute  too  much  to  the  mental  condition.  The  sinister  influence  of 
litigation  on  the  intellect  may  be  traced  very  widely .t  I  believe  that 
it  is  rare  for  symptoms  to  be  purely  mental.  It  is  often  asserted  by 
those  employed  for  railway  companies  that  subjective  symptoms 
quickly  subside  when  the  sufferer's  "  claims  "  are  settled,  but  it  should 
be  remembered  that  mental  anxiety  is  a  potent  cause  of  diseases  of 

*  J.  J.  Patnam, '  Boston  Med.  and  Surgical  Journal/  1883,  Sept.  6th. 
t  Not  many  years  ago  it  waa  cuittoniMry  for  the  "  experts  "  who  gave  evidence  on 
Mialf  of  raUway  companies  to  deny  that  the  spinal  cord  could  be  injured  if  the  legs 
nnwasted.    Although  the  opinion  dare  not  now  be  expressed,  its  significance  l« 
witiioat  analogies  at  the  present  day. 
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the  nenrooB  STstem,  and  must  be  strongly  opposed  to  recoYerj  from 
geDuine  disorders.  Tbe  occurrence  of  improvement  when  suspense  is 
at  an  end,  is  thus  no  proof  in  itself  of  tbe  nature  of  the  case,  and  its 
significance  has  been  unquestionably  oyer-estimated ;  moreover,  in  a 
great  many  indiyiduals  whom  I  have  had  an  opportunity  of  observing 
long  after  they  had  received  their  "  damages "  (as  the  expression 
curiously  runs)  this  subsidence  had  not  occurred,  and  even  the  *'  sove- 
reign balm  "  of  substantial  compensation  has  appeared  to  do  vexy  little 
for  the  relief  of  the  sufferer. 

These  opinions  have  been  formed  from  a  study  of  cases  other  than 
those  that  involve  litigation,  in  which  no  elements  existed  to  bias  the 
judgment,  and  from  a  comparison  of  these  with  many  "  railway  "  cases 
observed  apart  from  forensic  proceedings.  Those  who  desire  to  learn 
what  can  be  said  on  the  subject  of  ''  railv^y  spines,"  as  they  have  come 
to  be  termed,  when  viewed  from  the  opposite  sides,  will  find  abundant 
material  for  consideration  in  the  writings  of  Erichsen  ('  On  Concussion 
of  the  Spine/  London,  1875)  and  Clevenger  ('  Spinal  Concussion,  or 
Erichsen's  Disease,'  Philadelphia,  1889)  on  the  one  side,  and  of  Page 
('  Injuries  of  the  Spine  and  Spinal  Cord,*  London,  2nd  ed.,  1885)  on  the 
other.  Scattered  papers  by  J.  J.  Putnam,  Walton,  Spitzka,  Buzzard, 
and  others,  more  or  less  instructive,  will  be  found  epitomised  in 
Clevenger's  work,  where  indeed  is  collected  the  pith  of  almost  all  that 
has  been  written  on  the  subject. 

Diagnosis. — The  chief  points  in  the  diagnosis  of  traumatic  lesions 
to  the  cord  have  been  alreadj  incidentally  considered.  Immediate 
symptoms  may  be  due  to  laceration,  hsmorrbage,  or  to  simple  con- 
cussion,  and  the  diagnosis  between  these  is  not  always  possible  at 
first.  If  there  are  immediate  symptoms  of  a  partial  lesion,  these 
indicate  direct  injury,  while  the  rapid  subsidence  of  the  disturbance 
of  function  renders  simple  concussion  probable,  and  excludes  any 
considerable  direct  injury.  The  later  development  of  paralysis  in- 
dicates  myelitis,  unless  there  is  evidence  of  considerable  irritation  of 
the  nerve-roots  at  a  certain  level,  which  suggests  inflammation  outside 
the  cord,  and  perhaps  even  outside  the  dura  mater.  The  greatest 
diagnostic  difficulty  is  presented  by  tbe  cases  just  mentioned,  in  which 
the  symptoms  are  subjective,  and  anxious  attention  has  been  long 
given  to  the  local  discomfort.  Tbe  chief  elements  in  the  diagnosis 
of  these  cases  have  been,  however,  already  indicated.  It  is  important 
to  search  for,  and  to  give  due  weight  to,  any  symptoms  beyond  tbe 
simple  spinal  pain.  Slight  "  tingling*'  or  "  creeping  "  sensations  may 
be  of  cerebral  and  "  functional "  origin,  but  a  persistent  sensation  of 
'*  pins  and  needles  "  rarely  is  of  that  nature.  A  definite  sense  of  con- 
striction is  also  strongly  suggestive  of  organic  disease,  and  so  is  a 
well-m  irked  difference  in  the  power  of  the  muscles  on  the  two  aides. 
The  latter  is  of  least  significance  if  the  excess  is  slight,  general,  and 
on  the  right  side — of  much  greater  sigpiificance  if  the  diminution  is 
partial,  and  affects  only  certain  groups  of  muscles,  such  as  the  flexon 


898  SPINAL  COED. 

ot  the  liip  and  knee,  or  the  peronei.  Any  impiurnieat  of  power  orer 
the  bladder  or  rectum  ia  of  grc&t  diagnostic  importance ;  loss  of  Beinal 
power,  on  tbe  other  hand,  is  of  little  ralue,  since  this  function  is 
reudilj  depressed  hj  mental  anxietj  and  preoccupation.  A  slight 
change  in  rvflex  action  is  tnoet  significant  when  it  is  partial.  A  foot- 
clonus,  or  rectus-clonuB,  is  strong  presuraptiTe  evidence  of  organic 
mischief.  A  slight  excess  ot  tbe  knee  jerk  is  of  little  ralufl;  although 
it  prolablj  always  indicates  some  changes  in  the  nutrition  of  tbe 
spinal  cord,  it  does  not  indicate  structural  disease.  In  all  cases  it 
should  he  remembered  that  the  absence  of  anv  common  symptom  is 
of  far  slighter  significance,  as  evidence  of  intigrity  of  the  cord, than 
is  the  presence  of  that  symptom  as  evidence  of  disease.  It  may  seem 
Bupeifluoue  to  insist  on  a  consideration  so  elementary,  but  it  is  still 
possible,  as  eiperierce  proven,  for  a  medical  vitness  to  assert  iu  a 
court  of  law  that  a  claimant's  spinal  cord  cannot  have  been  injured 
because  some  symptom  is  absent,  the  presence  of  which  would  bo 
important. 

PaooNosis. — Immediately  after  an  accident  a  cautious  prognosis 
should  be  given,  even  if  the  symptoms  are  slight,  on  account  of  tbe 
possibility  that  grave  disturbance  may  detelop  in  tiie  course  of  a  few 
days.  In  developed  cases,  the  prognosis  must  in  general  be  guided 
by  the  same  considerations  aa  thosewhicbdciermine  our  estimation  of 
the  probable  course  of  symptoms  of  similar  character  and  severity 
due  to  spontaneous  myelitis.  To  this  there  are,  however,  two  general 
exceptions.  First,  tbe  danger  of  death,  if  any  exists,  is  greater  in  trau- 
matic cases  than  iu  others,  as  long  as  the  symptoms  are  increasing. 
Secondly,  if  there  is  no  dtinger  to  life,  or  such  danger  has  passed,  the 
prospect  of  improvement  is  distinctly  greater  than  in  acase  of  similar 
features  iiut  of  uou-traumatio  origiu.  If  tbe  symptoms  are  slight  or 
moderate  in  degree,  approtimate  recovery  may  be  anticipated,  although 
slight  symptoms  often  endure  for  a  very  long  time.  Indeed,  in 
many  cases,  recorery,  although  approximate,  is  not  perfect.  Tbe 
patient  is  never  quite  as  strong,  ne^er  becomes  quite  aa  capable 
of  exertion,  as  before  the  injury.  A  cautious  prognosis  should  also 
be  given  whenever  there  is  the  late  and  gradual  onset  or  increase  of 
symptoms  that  suggests  a  degenerative  process.  Such  degeneration 
presi'uts  Ear  less  t^udency  to  arrest  or  subsidence  than  do  the  earlier 
lesions.  As  a  rule,  tbe  sooner  symptoms  occur,  the  better  is  the  pros- 
pect of  ultimate  iuiprovemeut  or  recovery,  provided  they  are  not  ao 
severe  as  to  be  incompatible  with  lire. 

Treatment. — Tbe  early  treatment  of  these  cases,  and  maah  of  Hie 
later  treatment  of  those  in  which  the  spinal  column  is  injored,  it 
purely  surgical.     The  points  of  medical  oharaoter  aIon«  seed  spmal   ^ 
mention,  and  many    of    these    have  bcon    anticipated    iu    the    pr^  ^M 
ceding  pages.      In  all  cases  in  which  spinal  symptoms  are  present    ' 
immediately  after  an  injury,  however  slight  those  svmptoms  may  !;«, 
absolute  rest  should  be  insisted  ou  for  some  days  or  weeks,  according 
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to  tbo  86 verity  of  the  earlj  sjmptoms.  This  is  necessary  on  account 
of  the  secoudarj  inflammation,  which,  as  we  have  seen,  so  often  occurs. 
The  treatment  of  developed  sjmptoms  must  be  conducted  on  the  same 
general  principU-s  as  in  cases  of  myelitis;  the  details  need  not  be 
here  repeated.  If  there  is  muscular  wasting,  it  is  important  that  the 
nutrition  of  the  muscles  should  be  maintained  by  electrical  stimula- 
tion, since  a  very  considerable  amount  of  ultimate  recovery  may  be 
anticipated,  and  it  is  important  to  ke3p  the  muscular  tissue  as  far 
as  possible  in  a  condition  to  respond  to  the  nerve-power  when  this 
returns.  If  there  is  reason  to  believe  that  there  is  inflammation  of 
the  membranes,  or  inflammatory  effusion  outside  the  cord,  com- 
pressing it,  mercury  may  be  given,  but  this  condition  is  probably 
much  more  rare  than  might  be  anticipateu.  The  influence  of 
mercury  on  inflammation  of  the  substance  of  the  cord  is  doubtful. 
The  chief  element  in  treatment  is  patiently  to  permit  time  to  do  its 
work,  and  the  tissues  to  slowly  regain  such  integrity  of  structure  and 
function  as  is  possible;  meanwhile  preserving  the  patient  from  all 
influences  likely  to  interfere  with  the  process  or  to  set  up  other  mischief, 
such  as  cystitis  or  bedsores,  which  would  entail  fresh  danger.  There 
is,  however,  one  therapeutic  measure  that  is  of  unquestionable  value 
in  the  treatment  of  the  later  stages,  especially  of  the  cases  in  which 
the  recurring  symptoms  suggest  a  relapsing  myelitis  as  the  sequel  of 
iujury  ;  and  that  is  the  repeated  application  of  a  mild  "  actual  cautery  * 
ou  each  side  of  the  spine  opposite  the  affected  region.  Several 
applications  should  be  made,  with  or  without  an  anflesthsetic  It  is 
not  desirable  to  lessen  the  pain  by  cocaine,  because  this  is  likely  to  inter- 
fere with  the  influence  of  the  proceeding,  the  beneficial  character  of 
which  is  undoubted.*  The  degenerative  sequels  of  injuries  to  the 
cord  need  the  same  treatment  as  the  similar  degenerations  that  occur 
apart  from  traumatic  influences.  Whenever  there  is  evidence  of  dis- 
placement of  the  bones,  or  reason  to  suspect  that  the  cord  is  compressed 
by  fractured  fragments,  or  even  by  products  of  secondary  inflammation 
outside  it,  the  propriety  of  trephining  the  spine  needs  to  be  considered. 
The  problem  is  chiefly  surgical,  but  the  fact  that  it  will  probably  not 
be  necessary  to  open  the  dura  mater  increases  the  desirability  of 
giving  the  patient  this  chance  of  relief.  If  needed,  the  sooner  the 
measure  is  adopted,  when  improvement  has  ceased,  the  better. 

The  treatment  of  the  neuralgic  condition  of  spinal  pain  and  tender- 
ness,  which  so  often  succeeds  iujury,  is  frequently  difficult.  Counter- 
irritation  is  often  useful,  either  by  the  actual  cautery,  blisters,  iodine, 
or  repaied  sinapitms.  Of  sedatives,  Indian  hemp  is  most  effective, 
next  to  morphia,  which  should  be  used  as  seldom  as  possible.  Hypo- 
darmie  injeotions  of  oocaiDe  may  be  tried.  When  all  active  mischief 
is  of«r»  and  the  paia  has  become  purely  neuralgic,  it  is  often  neces- 
■Hj  to  sneourai^  the  patient  to  neglect  it  in  some  degree,  and  to 

wt$  aUsBilisa  ts  Iks  fui^  sad  the  tvkknce  tupporting  it  !m 
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exert  himself  in  spite  of  it,  while  avoiding  whatever  increases  it  in 
oonsiderable  degree  and  for  a  considerable  time.  At  the  same  time, 
extreme  care  should  be  observed  bj  all  persons  who  possess  the 
constitutional  states  above  mentioned,  predisposing  them  to  myelitis, 
&c.  This  is  especiallj  necessary  when  any  symptoms  persist,  and 
often  difficult  to  secure,  except  by  uncompromising  insistence,  in  those 
who  have  been  acou&tomed  t.o  a  life  of  active  exertion. 


FUNCTIONAL  AND  NUTRITIONAL  DISEASES. 

FcjMCTioKAi.  Diseases. 

Very  little  is  known,  though  much  is  heard,  of  functional  diseases 
of  the  spinal  cord.  It  is,  indeed,  open  to  doubt  whether  there  are  any 
morbid  states  which  can  accurately  be  thus  designated ;  as  was 
pointed  out  in  the  introduction,  most  morbid  states  thus  described 
are  either  due  to  disturbance  of  cerebral  functions,  or  are  the  result 
of  changes  in  the  nutrition  of  the  elements  of  the  cord.  The 
deranged  function  may  be  an  expression  of  altered  nutrition,  as  it  is 
of  altered  structure,  but  such  cases  can  only  be  termed  '*  functional " 
by  a  loose  misuse  of  words.  We  have  an  example  of  the  transference 
of  our  conceptions  of  functional  derangements  from  the  brain  to 
the  cord,  in  the  fact  that  hysterical  paraplegia  is  often  regarded  as  a 
functional  affection  of  the  cord  because  the  symptoms  have  tho  same 
distribution  as  those  of  organic  diseases  of  the  cord;  but  a  little 
consideration  will  show  that,  in  a  case  of  purely  hysterical  }utraplegia, 
the  morbid  functional  condition  is  cerebral ;  the  brain-centres  which 
act  on  the  legs  are  at  fault,  but  the  condition  of  the  functions  of  the 
cord  itself  may  be  absolutely  normal.  The  spinal  motor  centres  are 
in  a  state  of  inactivity  because  the  related  cerebral  centres  are  inactive, 
but  this  is  no  more  a  diseased  condition  of  the  cord  than  is  its  corre- 
sponding functional  state  during  physiological  rest.  Hysterical 
paraplegia  will  be  described,  with  other  palsies  of  like  origin,  in  the 
chapter  on  hysteria — a  malady  for  which  the  term  "  functional "  is 
often  employed  in  various  ways,  as  a  convenient  euphemism. 

At  the  same  time,  it  must  be  remembered  that  there  is  no  sharp 
line  of  demarcation  between  functional  derangement  and  nutritional 
changes.  As  already  mentioned,  no  functional  state  can  exist 
without  leaving  behind  it  some  corresponding  change  in  the  finer 
molecular  nutrition  of  the  structures ;  and  if  functional  derangement 
of  lower  structures  results  from  that  of  higher  cerebral  centres,  and 
is  maintained  for  long,  the  change  in  nutrition  that  results  may  be 
considerable,  and  mav  be  so  definite  as  to  persist  even  after  its  cause 
has  ceased  to  act.      Moreover  the  ge^^eral  enfeeblement  of  defective 
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nutrition  of  the  nerve-elements  is  a  potent  cause  of  this  functional 
disturbanoe,  and  at  once  facilitates  and  augments  such  effects.  The 
process  may  be  observed  in  many  cases  not  only  of  hysteria,  but 
abo  of  other  derangements  of  the  cerebral  functions,  and  it  is  seen 
also,  in  lower  centres,  as  an  effect  of  pain. 

Isolated  disturbance  of  functional  centres  in  the  cord  does,  however, 
sometimes  occur.  It  is  seen  in  the  conditions  of  inhibition  which  are 
designated  "  reflex  paralysis."  Suoh  palsies  were  once  thought  to  be 
common  and  persistent,  but  it  has  been  proved  that  many,  and  it  is 
probable  that  all,  cases  of  considerable  and  prolonged  palsy,  formerly 
thought  to  be  of  reflex  origin,  are  due  to  organic  disease,  either 
primary  in  the  cord  or  secondary  to  an  ascending  inflammation  of 
nerves.  But  transient  paralysis  sometimes  occurs,  which  cannot  be 
otherwise  explained  than  as  an  inhibition  of  a  spinal  centre,  due  to 
peripheral  irritation.  Such,  for  instance,  is  the  curious  inability  to 
pass  urine  which  sometimes  follows  an  operation  on  the  anus, — the 
division  of  a  flstula,  for  instance,  or  the  removal  of  hffimorrhoids. 
The  inability  may  continue  absolute  for  several  days.  Transient 
weakness  of  one  arm  is  said  sometimes  to  follow  an  operation  for 
empyema  (Lepine),  but  the  fact  that  the  weakness  may  be  attended 
by  choreoid  movements  in  both  arm  and  leg  of  one  side  (Weil) 
makes  it  probable  that  the  influence  is  exerted  on  a  cerebral  rather 
than  on  a  spinal  centre.  Considerable  paraplegia  was  thought  to  be 
sometimes  a  reflex  effect  of  disease  of  the  bladder,  or  of  a  calculus  or 
other  organic  disease  in  the  kidney,  but  it  is  probable  that  such  cases 
are  always  of  organic  nature.  Ascending  neuritis,  reaching  the  cord, 
has  also  been  proved  to  be  the  cause  of  lasting  symptoms  in  many 
cases  supposed  to  be  of  reflex  origin.  In  one  important  class  of  cases 
in  which  functional  disturbance  of  the  cord  is  purely  pecondary  to  a 
morbid  state  of  the  brain,  organic  or  not,  as  has  been  already  mentioned, 
the  expression  in  the  limbs  of  all  deranged  functions  of  the  brain  is 
through  the  spinal  cord ;  but  such  disturbance  of  the  cord  is  purely 
secondary,  and  ceases  when  the  cerebral  centres  resume  their  normal 
state ;  or,  if  it  is  continued  longer,  this  is  merely  for  a  brief  space  of 
time,  until  the  disturbed  structures  can  regain  their  normal  state. 
Thus,  in  idiopathic  epilepsy,  the  convulsion  is  produced  through  the 
agency  of  the  spinal  structures,  and  their  over-action  may  leave  them 
so  exhausted  that  the  reflex  functions  are  for  a  short  time  abolished. 
But  such  conditions  cannot  be  regarded  as  coming  into  the  category 
of  functional  disease  of  the  cord. 

The  nearest  approach  to  such  disease  is  presented  by  certain  forms 
of  spasmodic  disorder,  such  as  transient  fixed  spasm,  catalepsy,  and 
certain  forms  of  tonic  spasm,  which  depend  proximately  on  spinal 
centres ;  and  by  some  varieties  of  neuralgic  and  other  painful  affec- 
tions or  dyssBsthesi®,  in  which  the  sensory  elements  of  the  cord  are 
deranged  in  action.  But  we  can  seldom  feel  sure  that  the  symptoms 
in  the  former  class  are  dependent  on  a  primary  derangement  of  the 
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cord }  more  often  tbey  are  clearly  secondary  to  disturbance  of  cerebral 
centres,  which  may  indeed  coexist,  and  the  cases  are  better  described 
among  the  general  functional  affections  of  the  nervous  system ;  while 
those  of  the  second  class  have  features  and  alliances  which  make 
it  more  convenient  to  describe  them  among  the  forms  of  neuralgia. 

In  another  series  of  cases,  derangement  of  the  motor  functions  of 
the  spinal  cord  is  secondary  to  pain,  generally  that  which  has  such 
a  seat  that  it  is  increased  by  movement ;  sometimes  pain  that  is  not 
related  to  movement,  but  is  so  intense  as  to  act,  by  mere  severity,  on 
related  structures.  It  may  be  in  the  spine  itself,  in  the  trunk,  or  in 
the  limbs.  Over-action  of  the  motor  centres  and  spasm  may  be  the 
result,  or  the  centres  may  be  inhibited,  causing  a  pseudo-paralysia, 
which  may  be  real,  but  often  blends  with  a  voluntary  indisposition  to 
move  the  parts,  lest  pain  be  produced.  Spasm  is  generally  brief,  and 
the  reflex  result  of  some  sudden  pain,  as  is  often  seen  in  the  case  of 
the  '*  lightning  pains  "  of  tabes.  When  more  prolonged  contracture 
results,  as  in  cases  in  which  hysterical  contracture  follows  some 
painful  affection  of  a  limb,  the  co-operation  of  cerebral  centres  cannot 
be  excluded.  The  inhibitory  influence  is  strikingly  seen  in  the 
immobility  of  one  half  of  the  thorax  in  pleurodynia ;  and  in  brachial 
neuritis,  the  efiect  may  render  it  impossible  to  say  whether  or  not 
there  is  real  motor  weakness.  Some  forms  of  spasm  may  perhaps  be 
due  to  primary  disorder  of  the  spinal  centres,  such  as  the  peculiar 
cramp  in  the  hands,  coming  on  during  sleep,  that  is  described  in 
YoL  ii  as  "  nocturnal  tetany,"  and  the  startings  of  the  limbs  on  g^ing 
to  sleep ;  but,  for  the  most  part,  these  spasmodic  affections  are  either 
secondary  to  morbid  states  of  the  cerebral  motor  centres,  or  form  part 
of  diseases  of  wider  range  in  connection  with  which  thejare  described. 

Other  cases  which  may  be  regarded  as  functional  are  those  in 
which  symptoms,  commonly  subj<'ctive  in  character,  result  from 
some  morbid  blood-state.  The  conditions  which  most  frequently 
have  this  effect  are  gout  and  diabetes.  Occasionally  there  Ib  defi- 
nite failure  of  power,  lasting  for  a  few  days  or  weeks,  without 
objective  symptoms,  and  passing  away.  But  the  most  common 
symptoms  from  this  cause  are  sensory  and  subjective, — feelings 
of  tingling  and  formication  in  the  legs,  dull  aching,  and  sometimes 
actual  pain ;  this  is  usually  transient,  but  occasionally  continues  for 
some  days  or  weeks,  various  in  position,  but,  in  gouty  cases,  often  felt 
in  the  heels.  Such  symptoms  due  to  morbid  blood-states  occur  chiefly 
during  the  second  half  of  life.  Those  of  gouty  origin,  like  other 
symptoms  of  the  same  class,  are  especially  common  in  persons  who 
inherit  a  tendency  to  gout,  but  have  not  suffered  from  attacks  of 
definite  arthritis. 

In  the  diagnosis  of  functional  disorders,  the  first  element  is  the  ex- 
clusion of  any  sign  of  positive  disease,  and  the  second  is  the  discovery 
of  some  morbid  state  capable  of  giving  rise  to  the  functional  derange- 
ment, or  of  associated  symptoms  unequivocally  functional  iu  character. 
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The  first  of  these  is  that  of  primary  and  paramount  importance, 
which,  alike  in  practice  and  reasoning,  should  precede  the  others.  The 
various  points  involved  in  the  diagnosis  of  hjsterical  affections  are 
described  in  the  chapter  on  that  disease  in  vol.  ii ;  one  only  need  be 
mentioned  here — the  importance  which  attaches  to  the  state  of  mjo- 
tatic  irritability  in  the  legs,  and  the  great  difficulty  in  ascertaining  it 
presented  by  many  of  these  cases.  Permanent  excess  shows  that 
there  is  more  than  functiooal  derangement;  although  it  does  not 
exclude  the  latter,  it  indicates  changes  in  nutrition,  and  will  be  re- 
turned to  presently.  The  cases  in  which  the  knee-jerk  is  apparently 
absent  present  a  special  difficulty.  It  is  never  really  absent  in  func- 
tional disorder  (except  when  the  centres  are  exhausted  by  violent 
convulsion),  any  more  than  it  is  in  health.  Failure  to  obtain  it  is 
due  to  the  inability  of  the  patient  to  relax  the  muscles,  which  may 
render  attempt  after  attempt  futile,  until,  in  some  fortunate  moment^ 
relaxation  is  secured  and  a  characteristic  jerk  is  obtained.  The  ex- 
pedients that  facilitate  the  attempt  have  been  already  mentioned  (p. 
15),  and  the  subject  has  been  sufficiently  discussed  in  the  account  of 
the  diagnosis  of  tabes. 

The  treatment  of  functional  disorders  is  that  of  the  morbid  states 
to  which  they  are  due,  or  of  which  they  form  part,  and  does  not  need 
special  description.  That  of  the  symptoms  due  to  toxic  influences  is 
necessarily  the  removal  of  the  condition  which  causes  them,  but  they 
may  be  to  some  extent  relieved  by  sedatives,  of  which  bromide  of 
potassium,  cocaine,  Indian  hemp,  dmicifuga,  and  small  (7  or  10  gr.) 
doses  of  chloralamide  are  the  most  effective. 
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Among  the  oases  often  classed  as  functional  diseases  of  the  spinal 
cord  are  some  in  which  objective  symptoms  of  deranged  function, 
slight  in  degree  but  definite  in  character,  persist  for  months,  years,  or 
for  life.  They  commence  chiefly  in  those  in  the  early  and  middle  period 
of  adult  life,  and  are  more  common  in  women  than  in  men.  Such 
symptoms  are  inability  to  walk  more  than  a  short  distance  without 
fatigue,  impaired  nutrition  of  the  legs,  slight  increase  of  myotatio 
irritability,  often  associated  with  pain  in  the  back,  aching  in  the  legs 
(sometimes  amounting  to  actual  pain),  and  various  spontaneous  sensa- 
tions of  tingling, "  pins  and  needles,"  formication,  and  the  like.  There 
is  often  aching  in  the  legs  at  night,  especially  when  the  patient  lies  on 
the  back,  and  hence  probably  due  to  passive  accumulation  of  blood  in 
the  spinal  vessels.  Such  symptoms  occur  especially  in  those  of  neurotio 
disposition,  who  often  present  other  signs  of  the  nervous  weakness  that 
it  is  now  fashionable  to  term  **  neurasthenia.*'  In  many  cases,  if  the 
history  of  such  symptoms  is  traced,  they  ?ri]l  be  found  to  date  from 
some  definite  oxoitiog  cause,  from  an  attack  of  acute  illness,  such  as 
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tjpboid  fever  or  acute  rheumatism,  from  pregnancj,  a  fall»  OTer. 
exertion,  and  the  like,  or  to  have  come  on  during  a  period  of  general 
or  nerve  weakness,  ansemia,  anxietj,  &c.  Enfeeblement  of  the 
nervous  sjstem  often  results,  and  tbe  impaired  nutrition  of  the 
cord  maj  be  only  part  of  a  simiUr  general  state.  A  slight  increase  in 
mjotatio  irritability  is  exceedingly  common,  enough  to  permit  the 
knee-jerk  to  be  obtained  by  tapping  the  depressed  patella ;  but  there 
is  rarely  a  distinct  clonus, — at  most  only  two  or  three  jerks,  quickly 
ceasing.  We  cannot  conceive  that  symptoms  bo  persistent  can 
depend  on  any  mere  functional  derangement ;  it  is  probable  that  they 
depend  upon  changes  in  the  finer  nutrition  of  the  nerve-elements, 
too  slight  to  be  detected  by  the  microscope,  but  causing  a  corresponding 
and  persistent  alteration  of  function  We  have  seen  that  the  termi- 
nation of  the  upper  segment  of  the  motor  path  is  probably  that 
structure  of  the  cord  which  has  least  nutritional  stability,  and  is 
therefore  most  susceptible  of  nutritional  derangement.  Its  degenera- 
tion is  tbe  apparent  cause  of  persistent  excess  of  myotatic  irritability, 
and  hence  we  can  understand  the  frequency  with  which  there  ia  such 
an  excess  in  these  cases.  There  are  probably  gradations  between  such 
conditions  and  actual  structural  disease,  in  which  minute  examination 
reveals  visible  alteration ;  and  there  are  certainly  gradations  between 
the  symptoms  above  described,  and  those  in  which  the  derangement 
of  function  is  so  considerable  and  special  that  the  case  must  be 
regarded  as  one  in  which  actual  disease  exists,  of  one  or  other  of  the 
types  described  in  the  preceding  pages.  We  have  already  had  occa- 
sion to  consider  these  nutritional  changes  as  probably  underlying  the 
condition  of  arthritic  muscular  atrophy,  and  we  have  seen  that  the 
alterations  in  spinal  nutrition  in  that  disease  are  apparently  the  result 
of  the  impressions  on  the  peripheral  nerves.  In  women,  such  a  con- 
dition is  often  associated  with  uteriiio  or  ovarian  pain,  and  with  sacral 
pain  apparently  of  uterine  origin.  It  is  possible  that  the  condition 
we  have  been  considering  is  sometimes  secondary  to  such  uterine  pain, 
which  acts  in  a  manner  somewhat  analogous  to  that  in  which  joint 
inflammation  acts,  and  that  this  is  the  explanation  of  many  of  the 
cases  in  which  a  reflex  disturbance  of  the  functions  of  the  cord  has 
been  supposed  to  be  of  uterine  origin.  The  condition  is  also  often 
associated  with  spinal  pain  and  tenderness,  which  may  have  a  similar 
influence. 

In  the  diagnosis  of  these  nutritional  affections  of  the  spinal  cord, 
it  is  important  to  remember  that  they  may  l>e  closely  simulated  by  aualo* 
gous  changes  in  the  peripheral  nerves,  constituting  the  slighter  degrees 
and  forms  of  polyneuritis.  The  chief  points  in  the  distinction  have  been 
described  in  the  account  of  that  disease.  It  is  in  the  parenchymatous 
forms,  and  especially  in  the  sensory  varieties,  that  the  danger  of  con* 
fusion  is  apt  to  arise.  Symmetry  in  the  distribution  of  the  Bubjective 
sensations,  or  positive  aneesthesia,  and  their  localisation  in  the  ex- 
tremities, are  tbe  most  important  features  of  neuritic  change. 
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Connected  with  tbis  distinction  is  another,  of  not  less  importance. 
Nutritional  changes,  equally  with  the  simpler  functional  derangementt 
may  be  the  result  and  expression  of  the  action  of  some  toxic  blood- 
state,  and  all  that  has  been  said  in  connection  with  mere  alteration  in 
function  applies  also  to  the  class  now  under  consideration.  Toxic 
influences  cannot,  indeed,  act  for  long  without  leading  to  changes  in 
nutrition,  which  may  speedily  attain  a  degree  that  amounts  to  visible 
structural  disease.  A  search  for  such  an  agency  should  never  be 
neglected  in  any  case  in  which  the  symptoms  have  not  followed  an 
adequate  cause,  and  do  not  form  part  of  a  general  state  of  the  same 
nature.  But  it  must  be  remembered  that  the  peripheral  nerves  are, 
as  a  rule,  more  susceptible  to  toxic  influences  than  is  the  spinal  cord, 
and  this  fact  gives  additional  weight  to  any  indications  that  it  is  from 
these  that  the  symptoms  proceed.  Lastly,  symptoms  suggestive  of 
mere  changes  in  the  finer  nutrition  of  the  nerve-elements  are 
frequently  the  earliest  indications  of  organio  disease  of  one  or 
another  of  the  types  already  described,  and  in  all  recent  and  pro- 
gressive cases,  their  general  character  and  aspect  must  be  carefully 
considered  and  compared  with  the  known  features  of  the  various 
organic  diseases. 

The  cases  with  such  slight  but  persistent  symptoms  as  have  been 
just  described,  vary  much  in  their  features,  and  may  present  all  sorts 
of  slight  symptoms,  in  the  utmost  diversity  of  degree  and  combina- 
tion. To  consider  them  in  detail  would  be  to  describe  an  indefinite 
series  of  individual  cases,  no  two  of  which  are  identical.  The  precise 
degree  and  manner  in  which  the  nerve-elements  suffer  may,  it  is 
evident,  be  almost  infinitely  various.  Their  corresponding  manifesta- 
tions present  features,  combinations,  and  gradations,  that  entirely 
baffle  an  attempt  to  designate  them,  or  even  to  perceive  definite  types 
about  which  they  can  be  grouped.  These  are  some  of  the  cases  of 
disease  which  exemplify  the  failure  of  types  in  practical  work, 
the  error  involved  in  the  attempt  to  give  names,  and  the  paramount 
importance,  in  the  process  of  diagnosis,  of  considering  what  morbid 
condition  the  symptoms  indicate,  and  of  dealing  with  each  ease  as  a 
new  problem,  $ui  generiSf  whether  or  not  it  is  ultimately  found  to  be 
one  of  a  familiar  series.  This  method,  moreover,  conducts  tho 
practitioner  at  once  to  the  morbid  processes  that  need  treatment, 
and  should  determine  the  character  of  his  efforts  to  alter  that  which 
is  at  fault. 

It  is  unfortunately  not  common  for  the  indications  of  nutritional 
disturbance  of  the  cord,  when  they  have  been  long  established,  to  pass 
away  altogether,  although  some  degree  of  improvement  can  often  be 
secured;  and  in  many  cases,  especially  in  those  of  brief  duration, 
approximate  restoration  to  a  normal  state  may  take  place. 

The  treatment  necessarily  varies  according  to  the  precise  con- 
dition that  exists,  and  the  causes  on  which  it  depends.  The  removal 
of  these  as  far  as  possible,  and  of  any  influence  likely  to  depress  the 
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typhoid  fever  or  acute  rheiara.itiBno.  from   pregnancy,  a  fall.  0»er. 
exertion,  and  the  like,  or  to  bave  come  on  during  a  period  of  genera) 
or  Derre   weaknesB,    aniemia,    anxiety,   &q.      Eiifet^blemeut    of    tlui    ' 
nerrona   system  oflcu  reaults,    and   tlie   impaired   nutrition   of  the  J 
cord  may  be  only  part  of  a.  similur  general  state.     A  slight  iscreue  ia  n 
myotatic  irritability  is  exceedingly  common,  ennugb   to  permit  tbo 
knee-jerk  to  be  obtained  by  tapping  the  depre^ised  patella;  but  there 
is  rarely  a  distinct  clonus,— at  most  only  two  or  three  jeikH,  quickly 
ceasing.      We   cannot  conceive    that   symptoDis    so    persistent   can 
depend  on  any  mere  functional  derangement ;  it  is  prolwiUe  that  tbejr 
depend  upon  changes  in  the  finer  nutrition   of  the  nerve-elementa. 
too  slight  to  be  detected  by  the  microscope,  but  causing  a  corresponding 
and  persistont  alteration  of  function      We  have  seen  that  the  tenni*  ■ 
nation  of  the  upper  segment  of  the  motor  path  is  probably  that  J 
structure  of  the  cord   which  has  least  nutritional  stability,  and  Ja  J 
therefore  most  susceptible  of  nutritional  derangement.     Its  degenenu  i 
tion  ia  the  apparent  cause  of  persistent  excess  of  myotatic  irritability,  t 
and  hence  we  can  understand  the  frequency  with  which  there  is  such  1 
an  excess  in  these  casea.     There  n.re  probably  gradations  between  snob'  I 
conditions  and  actual  structural  diaease,  in  which  minute  examination  I 
reveals  visible  alteration;  and  there  are  certainly  gradations  betwe**.  J 
the  symptoms  above  described,  and  those  in  which  the  derangemei 
of  function   ia  so  considerable  and  special    that  the  case  must  I 
regarded  aa  one  in  which  actual  diaease  exists,  of  one  or  other  of  tbi 
types  described  in  the  preceding  pMges.     We  have  already  had  oocft*  I 
sion  to  consider  these  nutritional  changes  as  probably  underlying  the 
condition  of  arthritic  muscular  atrophy,  and  we  have  seen  that  the 
alterations  in  spinal  nutrition  in  that  diseaae  are  apparently  the  result 
of  the  impressions  on  the  perijtheral  nerves.     In  women,  such  a  coo- 
dition  is  often  asaociated  with  uteriiu'  or  ovarian  pain,  and  with  sacnd 
pain  apparently  of  uterine  origin.     It  is  possible  that  the  condition 
we  have  been  considering  is  sonietimos  secondary  to  such  uterine  pain, 
which  acts  in  a  manner  somewhat  analogous  to  that  in  which  joint 
inflammation  acts,  and  that  thia  is  the  explanation  of  many  of  th« 
cases  in  which  a  reflex  disturbance  of  the  functii>us  of  the  cord  has 
been  supposed  to  be  of  uterine  origin.     The  condition  is  also  ofu>n 
associated  with  spinal  paiu  and  tenderness,  which  may  have  a  similar 
influence. 

Iq  the  diagnosis  of  these  nutritional  affections  of  the  spio&l  oord, 
it  i3importJi,ottorememt)erthattbey  may  lie  closely  simutiitoil  by  analo- 
gous changes  in  the  peripberalnerves,  constituting  the  slighter  de§:reea 
and  forms  of  polyneuritis.  The  chief  points  in  the  distinction  have  b«en 
descrilied  in  the  account  of  that  disease.  It  is  in  the  parenchymatous 
forms,  and  especially  in  the  sensory  varieties,  that  the  danger  of  ooa- 
fusion  is  apt  to  arise.  Symmetry  in  the  distribution  of  the  subjective 
sensations,  or  positive  aneeslhesia,  and  their  localisation  in  the  ei- 
treniiticB,  are  the  most  important  features  of  neuritic  change. 
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cbmngcs  in  Uie  finer  nutxilkvft  (>t  tW  ii#rh^^<4«MM<>«^l«  )M^ 
fnqpeaitf  ilia  earliesl  iQ4ioAlioiii»  of  «<f^:iMtW  d¥»<^4MO  s4  v>«i^  ^ 
wMAhm'  of  the  t  rpes  alrendj  de9^rib«d»  %nd  in  aU  ^^>Ml  ^n^  )Ni»^ 
giMMre  caaeB»  their  generml  ehmmettw  mud  Mti^^"!  wiu^l  W  v%itv^)\,x 
conndtfed  and  compared  with  th#  known  tVaiuriM  vl  tW  t%nv^^« 
organic  diseases. 

The  cases  with  snch  alight  but  p€»r«i»t^ut  *^T«ll|^<^M«  as  K«iv^  Wn 
just  described,  rarj  much  in  their  fealunM»  and  hki^  }MV«^t  aU  «s^« 
of  sKght  sjmptoms,  in  the  utmost  diTiMtit^r  v4  dt^^ir^^  aiu)  \hn«i^I^im^« 
tion.  To  consider  them  in  detail  would  b^  to  d«mki>ribi^  au  iuvl^uito 
series  of  indiyidual  cases,  no  two  of  which  iur«  id«4Vti%>di.  Th^  |unH^iiH» 
degree  and  manner  in  which  the  nerTt^kt^lt^miHils  sulfur  iiu^v«  \i  is 
erident,  be  almost  infinitelj  Tarious,  Tb«4r  con>NH)H\udiuii  ui«aii(^li^« 
tions  present  features,  combinationa,  and  n^rtidatious,  th^t  tmli^^)^Y 
baffle  an  attempt  to  designate  tbem»  or  STt»u  to  |H»ro^yo  d«4luile  ti>*)Hm 
about  which  tbej  can  be  grouped.  Th«>se  lure  tt^mo  of  tho  txtami  tit 
disease  which  exemplify  the  failure  of  types  iu  {vrnoiti^U  ¥Porki 
the  error  inrolved  in  the  attempt  to  gire  names,  and  the  pi^minouul 
importance,  in  the  process  of  diagnosis,  of  oonsidering  what  morbid 
condition  the  symptoms  indicate,  and  of  dealing  with  each  oMe  ai  a 
new  problem,  $ui  generii,  whether  or  not  it  is  ultimately  found  to  Ihi 
one  of  a  familiar  series.  This  method,  moreover,  oonduots  tlio 
practitioner  at  once  to  the  morbid  prooi*sses  that  need  tivutiiiDiit, 
and  should  determine  the  character  of  his  efforts  to  alttir  that  whiuU 
is  at  fault. 

It  is  unfortunately  not  common  for  the  indications  of  ntitritioiial 
disturbance  of  the  cord,  when  they  have  buen  long  CNtabliMliciil,  to  pami 
away  altogether,  although  some  dcf^ree  of  improvtimiMit  mn  ofU^n  bu 
secured;  and  in  many  cases,  especially  in  thoso  of  brief  duration, 
approximate  restoration  to  a  normal  state  may  take  plaoe. 

The  treatment  necessarily  varies  according  Ut  the  priteiss  oon> 
dition  that  exists,  and  the  causes  on  which  it  d(«|iendM»  The  removal 
of  these  as  far  as  possible,  and  of  any  influence  likitly  to  ds|iriii«  ilm 
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nervoiit  system*  must  be  the  tirst  consideration.  It  should  be  remem- 
bered that  no  part  of  the  nervous  system  is  unafiEected  bj  mental 
depression,  and  that  impairment  of  the  general  health  may  render  im- 
possible recovery  from  local  disease.  From  these  general  principles, 
the  details  of  the  treatment  of  individual  cases,  too  various  to  be  here 
described,  may  readily  be  deduced.  Therapeutic  measures  that  are 
thus  reasoned  out  and  determined  on  bj  the  indications  of  the  special 
case  arc  far  more  likely  to  be  successful  than  those  that  are  simply  taken 
from  a  description  of  treatment.  The  only  points  that  need  special 
mention  are,  first,  the  importance  of  securing  mental  tranquillity  by 
producing  the  conviction,  when  possible,  that  no  grave  disease  exists 
or  is  impending,  and  with  it  the  disregard  of  those  slighter  sensations 
of  discomfort  that  become  more  aggressive  and  disabling  the  more  they 
are  noticed.  At  the  same  time,  it  is  important  that  the  patient  should 
avoid  all  over^exertion,  all  risk  of  falls  or  chills,  and  should  be  espe- 
ciallj  careful  in  regard  to  sexiial  intercourse,  which  often  has  a  peculiar 
effect  in  augmenting  the  symptoms;  and  in  the  unmarried,  perfect 
chastity  should  be  enjoined.  Often,  indeed,  in  the  case  of  men,  the 
mental  preoccupation  causes  an  apparent  failure  of  sexual  desire,  which 
itself  is  a  source  of  concern — generallj  groundless.  Reassurance  on 
this  poin  t  frequently  helps  to  secure  the  desired  mental  state.  Equally 
important  is  it  to  disabuse  the  sufferer's  mind  of  the  idea  that  seminal 
loss  is  weakening — an  error  widely  prevalent ;  the  truth  being  that  any 
depressing  influence  comes  only  from  the  associated  nervous  action.  But 
it  is  important  to  lessen  undue  frequency  of  nocturnal  emissions,  and 
for  this  nothing  is  so  effective  as  Milton's  remedy,  large  doses  of  the 
tinot.  ferri  perchlor.  (tti.xx  or  xxx)  three  times  a  day,  coupled  with 
the  avoidance  of  lying  on  the  back. 

The  relief  of  disabling  pain,  by  the  measures  described  in  the 
chapter  on  neuralgia,  and  by  the  treatment  of  any  local  morbid  state,  is 
indispensable.  Best  from  work,  the  improvement  of  the  general  health, 
and  the  administration  of  nervine  tonics,  such  as  arsenic,  phosphorus, 
quinine,  strychnia,  and  the  like,  are  the  chief  other  points  in  treatment. 
A  course  of  massage,  or  of  gentle  faradisation  of  the  muscleB,  is  also 
often  usei'ul. 


INDEX. 


AbdoBtiul  reflex,  14 
Abdaetor  minimi  digiti*  45 

—  poUicif,  87, 46 
Abtoett  of  tpioal  eord,  883 
Aeoenorj  b»mato*mjeliA,  89S 
Aetion*  anlergic,  7 

—  Ttii/tr,  18 

—  ■jnergic^  of  miitel6t»  7 
Amita  anterior  polio-mjelitii,  851 

—  uoending  panlytU.  827,  880 

—  atrophie  paraljaii^  851 

—  myelitii,  299 
Xddoetor  braru,  40 

—  longiia»40 

—  magnai»  40 

—  pollicii,  87 
Addoctora  of  thigh.  40, 193 
iE»theaiometer.  9 

Albiniam  and  paeado-hjpartrophio  para* 

ljaia,507 
Akoholie  ataxia,  125 

—  meningitis,  ehronic,  280 

—  DonritiB,  110 

—  pModo-tabet.  110, 125.  400 
Alimentary  canal,  nerro-oentna  for,  203 
Allocheiria,  9, 405 

^  iBtabea,405 
Amyloid  bodies,  304, 468 
Amyotrophic  lateral  scleroaia,  471,  494 
Anaemia  of  apinal  cord»  296 
AnsBSthesia,  8, 10 

—  dolorosa,  99, 151,  217,  843 
Analgesia,  10 
Anastomotic  artery,  188 

Anatomical  diagnoais  in  cord  disease,  211 
Anatomy  of  spinal  cord,  162 
Anenrism,  eroaion  of  Tortebra  by,  262 


AngiogHoma,  544 

Angioaarcoma,  544 

Angular  eorratore,  244 

Ankle-clonus,  17 

Annnlar  myelitis,  ebronic,  8S 

•—  adarosis^  888 

Anode^56 

Antergic  contraction,  7 

Anterior  central  artery,  188 

—  colomn,  164 

—  comna,  anatomy  of,  167 

—  cmral  nerrcb  diseasea  of«  94 

—  gronnd-ilbrea,  184 

—  median  artertci,  188 

—  —  fisanre,  164 

—  polio-myelitis,  851 

—  pyramidal  tracts,  170, 178 

—  imdicnlar  arterica,  189 
^  looi-flbrea,  170, 186 

—  apinal  artery,  188 

Tcin,  189 

Antero-lateral  oolomn,  164 

—  tract,  ascending,  170^  188 

^-  —  —  degeneration  in  tabe%  481 

—  —  <^  function  of,  195 
Arachnitis,  265 
Argyll-Robertson  pnpil,  407 
Arm,  diseasea  of  nerrea  of,  79 
Arterlea  of  spinal  cord,  188, 189 
Arthritic  mnacniar  atrophy,  498 
Arthritia  in  ataxic  paraplegia,  456 

—  irertebral,  263 

Articnlation  in  ataxic  paraplegia,  455 
Articnlitions  of  spine,  diseases  of,  263 
Ascending  nenritia,  64 

—  paralysis,  acnta.  880 
Ataxic  paraplegia,  403,  453 

—  —  and  general  paralysis,  466 

—  —  and  meningitis^  288 


AUiy.  bertillUrj  (Friedreich),  461 
—  —  in  maltipl*  neniitii,  1S6 


-  Id 


*,  401 


•  ofm< 


Atrojihic  ipiaU  panlyii),  icnta,  861 

labucDU  and  chronic,  378 

Atroph;,  alooii:  maicaUr,  479 

—  progreiairB  miiscuUr,  471 

—  of  auditorj  nerie,  409 

—  of  opiic  nerve,  4  OS 


Bending  at  ipixe,  violent,  S36,  591 
Beri-beri,  ISl 
Bicept  muicle,  33 

—  cruiit,  40 
Bladder,  centre  for,  207 

—  condition  of,  in   piendo-hjpertrophi' 

pkraljile,  CIS 

—  nlceretioD  of,  in  mjelitia,  813 
Blood-iup|i1;  of  cord,  1S7 
bonei  in  infantile  paUy,  860 

_  in  .jringo-injelia.  677 
_  nutrition  of,  206 
Bracliiilu  hdUgiu  iuuicU,  33 
BrmchUl  neurilii,  97 
_  pl<:'ii».d;u«eiof,T9 
Bniin.Hnd,  544 
Bronchial  cri«e«,  414 
Uurdich'i  column,  163,  181 


.hr»,  fracture  of.  2  U 
Cliareofi  joint  diieaw,  *ll 
CliFjne-Stokpi  breattilng.  275 
Chlorotio  paraple^i.,  298 

ronio  atrophic  paraljiBia,  87S 
meiiingitia,  £7S 
ni.velitli,  333 
pD'lio->ii)tlhia,471 
■piiial  miiicular  alr-plij,  471 
Ciri-ulntion  in  cord,  IBS.  1H9 
Circuixflei  nerve,  diuuae  of,  83 
CUike'a  colnmn,  169 
in  tabea.  432 
Cla^p-knife  rigidity,  222.  443 
Ooaiifictlon  of  cord  diaesaei.  2.11 

of  nervontditeaae*.  1.2 
Claw-like  band.  36,  SS,  478,  &U1 
I,  foot,  17,  210 
imui.4&l 
Conr-e  di«'uae.  I 
ColuiDii  of  Ili>rJ»h,  163,  181 

—  of  Cliirka,  189 

—  of  Ooll.l63 

—  of  Qowrn.  170. 183, 195.  421 

—  of  Tiirek.  173 
_  poit*rior,  178 

Eternal.  168,  ISl 

ledinn,  163.  170 

Coiiibin;ilioQ  of  lymptouu  in  oorddiawM^ 


Calf  uiuicle«,  centre*  for,  191 
Caput  cornu  poileriorii,  169 
CKrcinoma  of  cord,  643 
Cariea  of  ipini-,  di<ea*e  oi  cord  in,  243 

ay mptoiua  of.  246 

ajpliilitic,  261 

and  tumour,  259 

Cauda  equina,  tninouj  of,  646.  547,  6^2, 
tyj.  557.  558 

CaU9>^a.  geooral,  of  cord  diaaaae.  1S4 

Cautcrj,  actual.  In  traumaUo  letioaa,  6*^7 

Cavitie*  in  cord,  668 

Celli  of  anterior  horn,  167 

Central  Canal,  186,  564 

Cerebellar  tract,  dlrwli,  170 

Cerebro-apinal  motor  ae^ent.  176 

Cervical]  enlargement,  locallMtioB  10,192 

—  mii'cles  cenlrei  for,  IBS 


226 


1,181 


ia-ah«ped  degenenit 
iiiHunil  artery,  138 
Dia>iirei  of  cord,  134 
Compreiaion,  effecU  of,  on  nervea.  68 
—  myelilii.  245 
of  Cflrd.  845 
niutaion  mjelitii,  686 
of  cord,  696 
Ci>nduoiion  in  cord,  190, 194 
Congrniul  param.votona,  640 

ipaaiic  pamplegu,  *U 
Cniyunetilal  reflex.  16 
CoLitmction,  fl  brill  arj,  6,  47S 

—  idio-muKular,  6 

—  in  pieudo-hjpertrapUe  {wntyrfi,  tit 

—  ntnacalar,  in  cord  diaaaaea.  SU 
Contracture,  214 

—  in  ptimarjr  aputio  paraplegia.  444 
Contralateral  muirle,  £7 
Convolaloni  in  ntrd  diMM*.  SM 
Co-oftlnatlan  of  miiveiBKit.  18>  203. 401- 
Cord,  ab.CB«»  of,  832 
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Cord,  degeneration  of,  SCO 

—  embolism  of,  333 

—  infliiinmation  of,  299 

—  in  idiopathic  moACtitar  atrophy,  528 

—  in  peripheral  neuritis  134,  142 

-—  in  pseudo^hypertrophic  paralysia,  517 

—  aymptoma  in  comprt'ssion,  345 
Cor|K)rtt  am\lac«»a,  304,  408 
Counter-irritation  in  cord  disease*  289 
Cramp,  5 

—  effect  of,  on  nerves,  11 
Cremasteric  retlex,  14,  103 
Crise*  in  tabes,  413.  414 
Crossed  pyramidal  tracts,  170 
Cross-legged  progression,  4,  46 
Crureus  muscle,  40 

Crutch  paliiy,  85 
Cuneate  nuoleu9,  181 
Corvature,  angular,  244 

—  in  Friedreich's  disi-ase,  464 

—  inidiopathic  muscular  atrophy,  525 

—  in  infantile  paralysis,  363 

—  in  pfleudo-hypertrophie  paral^'sii,  512 
Cutaneous  ri-flt'xes,  14 

Cxaticen'i  of  cord,  544 
Cysts  in  cord  tumours,  549 

D 

Deafness  in  tabes,  40J 

Deep  reflexes,  15 

Deformities  from  infantile  palsy,  360 

Degeneration,  comma-shaped,  of  curd,  181 

—  fatty,  of  muscle,  484 

—  granular,  484 

—  reaction  of,  in  mnscle,  25,  54 
in  sensory  nerves,  405 

—  secondary,  of  nerves,  47, 48 
Degenerations  of  cord,  396 

ascending,  171, 178 

descending,  171,  176 

—  vitreooi,  of  muscle,  53,  484 
Degenerative  neuritis  64 

—  remction,  25,  64 

—  tendency,  inherited,  588,  679 
DeitM^t  cells,  164^  807,  839 
Ddny  of  sensttlon  in  tabce,  406 
IMtMd  aoMle  and  centi^  S9,88>  191 
DenndiBg  eBtno-htsttl  tnot^  178 

179 


Diaphragm,  action  of,  27 

—  centre  for,  192 

—  paralysis  of,  78,  145,  477,  525 
Diffuse  myelitis,  321,  336 
Diphtheria  and  cord  disease,  235 
Diphtheritic  neuritis,  llO,  112.  115 
Direct  cerebellar  tract,  170,  181 

—  pyramidal  tract,  170,  172 
Dislocation  of  spine,  238 
Disseminated  myelitis.  288,  309,  821 

—  neuritis,  65 

—  sclerosis,  232,  417 
Divers'  paralysis,  387 
Dorsal  reflex,  15 

—  region,  tumours  of,  544 

—  vertebras,  fracture  of,  243 
Dura  mater,  haimatoma  of,  279 
^  —  tumours  of,  643 
Dynamometer,  6 
Dysspstliesia,  10 

Dyslexia,  297 
Dystrophy,  musmhir,  503 

B 

Echinococci,  543 

Elbow  extensors,  centre  for,  193 

—  flexors,  centre  for,  192 
Electrical  irritability,  24 

-»    reaction      in     progressive     muscolar 
■trophy,  479 

Electricity  in  tabes,  439 
Eml»olism  of  cord,  333 
Embryonal  tissue  and  syringo-myclia,  564, 
565.  568 

—  —  and  tumours,  547,  568 

—  —  in  nerves  in  Prieilreich's  disease,  469 

persistence  of,  568 

Emiihysema,  subcutaneous,  in    myelitis 

318 
Empyema,  (taralysis  from,  599 
Enchondioma  of  cord,  543 
Endemic  neuritis,  112,  150 
Epigastric  reflex,  15 
Epilepsy  in  pseudo-hypertrophic  paralysis, 

619 
Erb't  pandysis,  91, 168, 198 
Eroeion  of  ifdne  by  aneoritm,  26S 
Bseenrtil  panlysb  of  ohildren,  851 
BiMBtrio  psin,  218 
BsophAliftlmM     is     pMsdo-l^ypeitropbie 

pH4y*ii^914 
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Eztenfor  qnadrieept,  iO 
Bxtenion«  nerve-centret  for,  193 

—  of  ankle»  41 

—  of  elbow,  198 
^  of  flngert,  34 
^  of  foot,  41 

—  of  knee,  40, 198 
^  of  thamb,  36 

—  of  wriit,  33 
Ezternml  metiingitis,  266 

—  ophthalmoplegia,  408 

—  popliteal  nerve,  diieate  of,  95 
Eztim-dural  tamoan  of  oord,  644 
Bxtra-meningeal  hsmorrhage,  290 
EjrebftlU,  reflex  flzataon  of,  481 

—  trophic  changea  in,  23 
Eye  ajmptouia  in  tabea,  407 


mosx. 


Face  In  idiopathic  miiicnlaf  atrophy,  624 

Faeial  nerrea  in  leprooa  nenritii,  160 

—  type  of  matenlar  atrophy,  521 

False  nenroma,  78 

Family  tendon^  to  ataxy,  462 

Faradbm,  24 

^  In  infantflo  palay,  875 

Fatty  degeneration  of  moeelo,  484 

Flhr««,  regeneration  of,  in  oord,  812 

FihrillaUon  of  mnMle,  479 

Fifth  nerve,  degeneration  of,  in  Ube«,  424 

Fingers,  exten»ors  of,  84^  198 

—  flexors  of,  84,  198 
FiMuret  in  cord,  562 
FU    foot.  48 
Flexors  of  elbow,  198 

—  of  fingers,  84,  193 
^  of  foot,  43 

.-  of  knee,  40.  193 

—  of  wriit.  33.  193 

—  long,  of  fingers,  45 

—  short,  of  fingers.  45 

—  long,  of  thumb,  87 
—  short,  of  tharob,  87 

—  short,  of  little  fingers,  45 

—  nerve*centres  for,  198 
Foot-musiles.  41,  43 

—  nerve-centres  for,  194 
Foot-clonns,  17 

nerve-centre  for,  210 

Forearm,  muscles  moving  th^  82 
Fracture  of  spine,  238 
Fmctures,  spontaneous,  of  bone,  411 
Friedreich's  disease,  461 


Front-tap  ooniraetion,  18 
Functional  disease,  1,  284,  598 
Functions  of  cord,  189 
—  mntnal  relations  of,  209 


Qait  in  Friedi«ieh's  ataxy,  463 

—  in  spastic  paraplegia,  444 

—  in  pseudo-hypertrophy,  507,  510,  511 

—  in  Ubca,  402 
QHstrie  crises,  418 
Oastrocnemins,  41 
Gelatinous  grey  substance,  169 
Qemelli  muscles,  89 

General  causation  of  cord  diMaae,  284 

—  paralysb  and  ataxic  pamplegii,  456 
and  Ubee,  417 

Girdle-pain,  219,  816, 591 
Glia-cells,  lu4 
Glioma  of  cord,  544 
Gliomatosis,  566 
Glossy  skin,  23,  61,  68 
Gluteal  muscles,  193 

—  reflex,  14 
Gluteus  mazimus,  88 

—  medius,  89 

—  minimns,  89 
I  Glycosuria  in  Ubes,  418 

Goll's  column,  163 

Gout  and  cord  disease,  600 

—  and  myelitis,  808,  598 
Gracilif  muscle,  40 

Granular  degeneration  of  mnaela^  484 
Grey  commissure,  185 

—  substance,  165 

degeneration  of,  410 

of  Bolando,  169 

Qround-flbres,  170 

Growths  in  spinal  column,  856 

I  Guuahot  wounds  of  spines  586 


Hematoma  of  dnra  mater,  27^  288 
H«mato-myelia,  890 
HMmatorrhaehii,  290 
Hemorrhage  into  oaTities  of  eotd» 

578 

—  into  central  eanal,  587 

—  into  oord,  876,  827, 890,  587 

into  spinal  membranes,  290,  587 

and  meningitis,  S76 

Hemorrhagic  myelitia,  804^  815.  821 
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Hand*  muscles  moving  the,  S3 

—  —  nerve-centres  for,  193 

—  in  idiopathic  mnscnlar  atrophy,  548 

—  in  profl^reasive  moscalar  atrophy,  478 

—  in  peeudo-hypertrophie  puralytit,  509 
Heart  action  in  cerrical  cord  disease^  224 
in  tabea,  224 

—  disease  in  tabes,  418 
Hemiatrophy  of  tongue,  409 
Hemiparaglegia,  229 
Hereditary  ataxy,  461 
Hip-joint,  muscles  moving  the,  88 

—  —  nerve-centres  for,  93,  193 
Hydatid  disease  of  cord,  543 

of  spine,  262 

Hydromyelia,  562 
Hydrorrliacbis  interna,  562 
Hypersemia  of  cord,  298 
Hyperesthesia,  10 

—  in  cord  disease,  217 
Hyperalgesia,  10 

—  in  cord  disease,  217 
Hyperpyrexia  in  cord  disease,  226 
Hypertrophic  pachymeningitis,  288,  572 
Hypertrophy,  muscular,  616b  628,  534 
Hysterical  paraplegia,  594 

1 

Idio-mnscnlar  contraction,  5 
Idiopathic  muscular  atrophy,  503,  521 
Iliacos  muscle,  40  193, 
Incontinence  of  urine,  225, 317 

overflow,  225,  317 

refl«x,  225,  317 

Inco^rdttiation  of  movement^  7$  215 

—  mechanism  of,  428 
Infantile  paralysis,  351 

—  —  regression  in,  363 
Inflammation  of  cord,  299 

—  of  membrane    265 

—  of  nerves,  64 
Infra-spinatus  muscle,  80 

—  —  in  peendo-hypertrophie  palsy,  508 
Injuries  to  spine.  234 

Injury  to  nerves,  54 
Intermediate  grey  substance,  166 

—  group  of  cells,  168 

—  process,  168 

—  septal  artery,  188 

—  septum  of  eord,  178 
Intermedio- lateral  tract,  168 
Internal  meningitis,  269 
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Internal  meningitis,  chronic,  279 

—  popliteal  nerve,  95 

Intercostals     in     progressive      muscular 

atrophy,  477 
Interossei  of  foot,  45 

—  of  hand,  85 
Interstitial  neuritis,  64 
lntra*meningeal  hamorrhage,  290 
Intra-spinal  tumours,  642 
Irritability,  electrical,  of  nerve  and  masole» 

94 

—  f  aradic  and  voltaic,  24,  54 
Irritative  degeneration  of  pyramidal  flbresv 

223 
Irritation,  spinal,  594 


Jaw-jerk,  445 

Joints  in  infantile  palsy,  360 

—  in  Ubcs,  411 

-»  nutrition  of,  206 

Juvenile  muscular  atrophy,  621 


Kak-k^,  151 

Kathode,  56 

Kidney  disease  in  ataxic  paraplegia,  466 

in  tabes,  416 

Knee,  extensors  of,  40, 193 

—  flexors  of,  40, 193 

—  muscles  moving  the^  40 
Knee-jerk,  15 

—  centre  for,  202,  210 
-»  in  diphtheria,  433 

—  in  Friedreich's  disease,  463 

—  in  idiopathic  muscular  atrophy,  526 

—  in  leprous  neuritis,  159 

—  in  psendo-hypertrophio  palsy,  618 
^  m  tabes,  401 

—  latent  period  of,  19 

—  loss  of,  221,  229,  401,  518,  526,  652 

—  return  of,  in  ta*bes,  415 


Laceration  of  cord,  586,  588 
Landry's  paralysis,  827,  380 
Laryngeal  crises,  414^  416 
Lateral  arteries  of  cord,  189 

—  column,  164 

—  curvature,    symptoms    of,    263    (i 

Lordosis) 

89 


^V  m           ^^^^^ 

PV^H 

^^^H       Lateral  horn,  166 

Momn't  diaaaoe  and   Raynand'a  diwM 

^^H      -  liTiting  UjD',  170,  173, 132 

681 

ncnriU*  in,  680 

^^^H       —  traab^  170,  172 

uiiaibilib.v  in.  5S0 

^^^H        LHthyriim,  442 

Motion,  diitarbunfe  of,  4 

Motor  over-Rction,  213 

^^^H                          623 

—  path.  176 

^^H       htg,  dUeue  of  nervM  of.  93 

—  point^^  for  arm.  31,  3S 

^^^H        Lfprani  neucitia,  72, 157 

for  leg,  41,  43 

^^^H       Le|>to-menii>{r>ti>.  265 

—  segmetiiB.  upper  and  lower,  17fi 

^^H       —                 279 

dis^nw  ..f.  818 

^^^^P       Lentor  angnii  icapalo,  S9 

—  •Jinptoioa,  4 

^^^■^       Liehtiiing  paina,  403 

in  cord  diieaee.  212 

B                    Lijioma  of  cord,  648 

ia  tiibea.  402 

1                      Li,«matous  muai^ulor  atrophj,  505 

L                     Liuiuer-i  tract,  183,  187.  420 

—  defaut  of,  of  muioal»r  oii^n,  C 

^^^         Localintioo  of  function  in  cord,  191 

—  direction  of,  7 

^^^L       Lncomotor  atiiv,  397  (no  Tabe*) 

^^H       UHoiii  in  Fri«l»{ch-«  dUuue,  4«4 

^^^1       —  in  idloiwchio  iDUiciiliir  Ktroplij.  625 

Mnltlpleneuricia.  64,108 

^^^1       —  in  progrmiiie  tnuaenlar  ■trophy,  478 

—  neurom-.  7*.  644 

^^^^m       —  in   pMudo-hjpertropbio  miucolar 

—  tuinoorg  ol  curd.  656,  657 

^^^1               atrophj. 

of  nenro-rooU,  653 

^^^H       Lower  limb*,  mnsclei  of,  38. 

and  tabea,  6S6 

Muicle- reflex  action,  15 

^^^H      ~  plexui,  dJMiiiei       D3 

—  centre.,  201 

^^^^^1       ~~  region,  tnmoun  of,  514 

MuBclei.  action  and  p.iraljsia  «r,  26 

^^H        LombricRle.  of  foot,  46 

-anterpc,«;iionor.7 

^^^1        —  01              36 

-  faUj  degeQeratian  of,  484 

^^^H 

—  Titreou..  53.  484 

^^^H 

-  in  peripheral  neorltifc  134      ^^^^^B 

—                  foot,  41                         ^^^^^^^1 

^^^B       ll^n-en-griffe,  96,  89,  478.  631 

38                      ^^^^^H 

^^^^m       Mecliautcal  appliani:ei  In  palKj,  397 

83                               ^^^^^H 

^^m        M.'dl>n  nerve,  di.outc  of,  37 

hip-joint.                            ^^^^H 

^^H          Mc^mbrauea  of  cord,  diHaKt  of,  265 

knee.  40                                             ^M 

^^H tumaura  of,  6i3,  644,  653 

—  —  ihanldi-r  joint  and  acapnia,  27            ^| 

toea.  46                                                ^M 

^^K                 276 

-  nutrition  of,  2U                                    ^M 

^^^B       Heniu^itic  itrnik,  275,  652 

—  nutriiive  cbangsa  in.  SS                        ^H 

^^^1       Maiiingitli,  apinal.  266 

—  of  lower  liiuba,  88                                     ^H 

^^^1 external,  206 

—  of  thawb,                                              ^H 

^^^B InterTial,  269 

-  peripheral  guidance  o1^  8                          ^^H 

^^H 

-  reHei  oction,  16                                           ^H 

^^H cbronic.  ITS 

—  aeniorv  narrea  of,  20                             ^H 

^■l            MeninKoceli-.  682 

-  ..vnergic  action  of.  7                                  ^M 

F                        JUQlngo-myclitit,  270,  8« 

—                 37                                                        ^H 

—  mjelocle,  582 

Mental  diatrei*  in  cord  diwue.  £34 

—  atrophj,  olironie  .piu.I.  416                  ^H 

MeUmerv^  162 

facial  tjp^,  621                                 ^H 

Middle  lorn,  of  reaction.  M.  348 

—  —  rrom  OTer-ii'e,  40S                           ^^M 

MiMd  reaction,  26,  368 

1                      Mor»ati*.dL».«,679 

tea<l.  895.  474                 ^^^^^1 
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Ifoscular  atrophy  in  Ubei,  417 

peroneal  type,  482, 505,  509. 525 

—  oontraction,  paradozienl,  21 

—  hypertrophy,  516^  528»  584 

—  seDse,  IS 

—  ■entibility*  11 

test  for,  13 

MoBcolo-eotaneoiia  nenre,  84 

—  ipiralf  81 
MyelitU,  acate,  299 

—  aod  goat,  308,  593 

—  and  injury,  590 

—  central,  321 

—  chronic,  333 
annular,  338 

—  diffuse,  336 

—  disseminated,  288,309,  821 

—  focal.  321 

—  hemorrhagic,  304^  315,  821 

—  parenchymatous,  822 

—  sclerotic,  341 

—  transverse,  321 
Myolipoma  of  oord,  517*  544 
Myopnthic  atrophy,  503 

—  face,  524 
Myoais,  spinal,  407 
Myotatie  eontractlons,  21 
^  irriUbiUty,  14.  199 

in  arthr.tic  atrophy,  500 

Myotonia  congenita,  536 
M>zomata  of  cord,  544^  548 

N 

Nsils  in  syringo-mvelis,  578 
Nephralgic  crises  314 
Ner?e,  anterior  cmral,  94 
— •  circumflex,  83 

—  fibres,  functions  of,  47 

—  inflammation,  64 

—  injury  and  defeneration,  54 

—  lesions,  48,  62 

—  median,  87 

—  mnsculo-cutaneous,  84 

—  muscnlo-spirMl,  84 

—  obturator,  94 

—  plantar,  95 
•—  posterior  thoracic,  82 

—  popliteal,  05 
~  sciatic,  93 

—  superior  gluteal,  94 

—  supra-soapnlar,  83 

—  ulnar,  88 


Nerve-roots,  eervieal,  80 

—  dorsal,  80 
— >  lumbar,  93 

Nerve-stretching  in  tabes,  439 
Nerves,  compression  of,  63 

—  disMses  of,  46 

—  inflammation  of,  64 

—  irritation  of.  in  caries,  244 

—  lesions  of,  48,  62 

—  of  arm,  oombined  palaias  of,  89 

—  of  lower  limb,  98 

—  of  upper  limb,  79 

—  physiology  of,  47 

—  regeneration  of,  58 

—  secondary  degeneration  of,  49,  60^  51 

—  special,  diseases  of,  77 
Nervi  nervorum,  47 
Nervousness,  594 
Neurasthenia,  601 
Neuritis,  64w  82 

—  adventitisl,  65, 109 

—  after  acute  diseases^  114 

—  alcoholic,  117 

—  and  atrophic  paralysi%  880 

—  atheromatous,  118 
^  brachUl,  97 

—  oachectiQ,  112, 117 

—  canoerons,  67 

—  chronic  67 

—  classiflcation  of,  110 

—  diabetic,  116 

—  disgnoeis,  69 

—  diifuse,  65 

—  endemic,  112, 150 

—  focal  or  disseicinated,  65 

—  in  leprosy,  72,  157 

—  in  leucocytb»iiiia,  67 

—  in  Morvan's  diseiise,  579 

—  in  peroneal  atrophy,  532 

—  lipomatous,  65 

—  malarial,  114. 151 

—  migrans,  64,  90 

—  multiple,  64^  106 

course,  127 

~»  —  complicNtions,  129 

—  —  diagnosis,  139 

—  — •  pathological  anatomy,  180 
pathology,  135 

—  —  prognosis,  144 
symptoms,  119 

—  —  treatment,  147 

—  near  bedaores,  65 
I  —  optic,  in  ataxic  paraplagia,  465 
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Kenritii*  optie,  in  oblorotft,  298 
-*  ^  multiple  neuritis,  130»  465 

—  ^  myelitis,  818 
tabes,  401 

—  piirencbymatons  64^  109 

—  peripbersl,  109 

—  prognosis  in,  89 

—  radicular,  97,  267 

—  rheumatic,  112, 116 

—  senile,  117 

—  septicemic,  114 

—  syphilitic,  67, 118 

—  toxemic.  111 

—  toxic,  111 

— •  treatment,  70 

Neuroglia,  development  of,  668 

—  structure  of,  164 
Neurokeratin,  165 
Neuroma,  72,  644 

—  amyelinicy  72 

—  fal»e,  72 

—  multiple,  74^  644 

—  myelinic,  72 

—  plexiform,  73 

—  of  nerve-roots,  644 

Neuroptithio  disposition  in  oord  disease, 

234 
Neuro-ubes,  118, 141,  432 
Nucleus  cunestus,  181 

—  gracilis,  180 

—  post-pyramidal,  178, 180 
Nutrition,  changes  in,  22 

-~  influence  of,  on  cord,  205 
Nutritional  disease  of  oord,  284^  598,  601 

—  diseases,  1 

Nutritive  ehanges  in  mnsoles,  63 
Ilvttsgmus  in  ataxy,  455 

—  in  Friedreich's  disease,  463 

—  in  multiple  neuritis,  123 

—  in  progressive  muscular  atrophy,  481 

—  in  spastic  paraplegia,  445 

—  in  syringo-myelia,  577 


Optic  neuritis  in  chlorosis,  298 

in  myelitis,  818 

Overflow  incontinenoe,  225,  817 
Over-nse,  muscular  atrophy  from,  602 
Organio  diseases  of  oord,  1,  234 


Obturator  internus,  39 

(Edema,  vaso-motor,  553 

Onset,  modes  of,  in  cord  disease,  236 

Operation  for  tumour,  561 

Ophthalmoplegia,  408 

Opponens  pollicis,  37 

Optic  atrophy.  408, 424 

in  ataxic  paraplegia.  455 


Pachymeningitis.  140.  265,  495 

—  oenrical  hypertrophic,  286,  557 

—  —  syring^-myelia,  677 
~  chronic,  279 

—  external,  266 

—  internal  hemorrhagic,  283 
Pain,  after  injury,  593 

—  conduction  of.  in  cord,  198 

—  In  cord  diseases,  218 
tumours,  550 

—  reflex,  21 

—  sensibility  to,  10 

in  syringo-myelia,  674 

Pains,  excentric  radiating,  218 
Palsy,  Erb's  type  of,  363 

—  infantile,  351 

Paradoxical  muscular  contmetion,  21 
Parestheda,  10 
Paralysis  and  paresis,  6 

—  acute  ascending,  380 

—  from  lessened  pressures  887 
~  infantile,  351 

—  of  muscles,  26 
Paramyotone,  ataxic,  641 

—  congenital,  510 
Paraplegia,  211 

—  ataxic,  453 

and  meningitis,  2SS 

—  chlorotic*  293 

—  dolorosa,  257 

—  simple  senile,  470 

—  spastic  primary,  440 
Parasitic  tumours  of  cord,  644 
Parenchymatous  myelitis,  322 

—  neuritis,  64, 109 

Pathological  diagnosis  in  cord  diseaseb  281 
Pathology  and  etiology  of  oord  dissate, 

231 
Pectinens  muscle,  40 
PectorHlis  major,  80 
PelUgra,  442,  460 
Perimeningitis,  266 
Peripachymenin^tis,  266 
Peripheral  arteries  of  oord,  188 

—  nerves  in  tabes,  424 
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Peroneal  tjpe  of  airophj,  482,  505,  509, 

525,  530 
^  —  combined  with  idiopathic,  534 
Peronens  longivi  mntcle,  48 
^-  brcrit  mnMle,  45 
Phrenic  nenre,  diseases  of,  77 
Phthisis  and  peripheral  neuritis,  185 
Plantar  nerves,  diseases  of,  95 

reEex,  14 

Plaster-of-Paris  jacket  in  Potfs  disease, 

254 
Plexifonn  nenroma,  78 
Polio-myelitis,  842,  851 

—  chronic  and  snbaentsb  848, 878 
Poljasthesia,  9,  405 
Polyneuritis,  108 

—  septiciemic,  114 
-»  tubercular,  118 
Popliteal  nerves,  diseases  of^  95 
Popliteus  muscle,  41 
Posterior  central  artery,  188 

—  column,  function  of,  178 

—  cornual  arter}*,  188 

—  gpround  fibres,  170 

—  intermediate  septum,  168 

—  medial  artery,  188 

^  median  column,  function  of,  817 

—  —  septum,  163 

—  nerve-roots  in  tabes,  428 

—  pyramid  of  medulla,  180 

—  radicnliir  artery,  188 

—  root-fibres,  170, 186 
Kme,  163, 181 

—  sclerosis,  178,  398 

—  spinal  vein,  189 

—  thoracic  nerve,  82 
— >  Tesicular  tmct,  169 
Postero-ezternal  column,  168, 178, 181 
^  median  column,  163, 170, 178 
Posupyramidal  nucleus,  178^  180 
Posture,  adaptation  to,  202 

—  loM  of  sense  of,  12,  217,  406 
Potf  s  disease,  245 

Power,  measurement  of,  6 
Pressure,  sense  of,  9 
Pressnre*myelitis,  845 
Priapism,  221 

Primary  hiematomyelia,  890 
-^  lateral  sclerosis,  440 

—  —  and  general  paralysis,  447 

—  —  and  hysteria,  451 
infantile,  445 

—  multiple  neuritis,  64^  111 


Primary  spastic  paraplegia,  440 

infkntil^445 

PrimitiTe  eanal  of  oord,  568 
ProgressiTe  mnseolar  atrophy,  471 

and  Ubes,  417 

Pronators,  38 

—  nerre-centres  for,  193 
Pseudo-hypertrophic  paralysis,  6»  505 

—  —  mode  of  rising  in,  511 

—  —  Tarieties  of,  514 

—  •neuroma,  78 

—  -paralysis,  600 

tabes,  125, 141 

Psoas  mnsde,  40, 198 
Ptosis  in  Ubes,  408 
Pnpil  in  cord  disease,  224 
Pjrramidal  fibres,  172, 178 

— >  —  mode  of  ending  in  oord,  175 

—  tracts  in  progressive  mosenlar  atrophy« 

488 
Pyrexia  in  oord  disease^  825 
Pyriformis  mnsde,  89 


Qoadratos  femoris  mnselsb  89 
Quadriceps,  40 

—  centre  for,  198 

Qualitative  changes  in  irritablli^,  56 
Quantitative  ehanges  in  irritability,  66 

B. 

BacUalgia,  218 

Badiating  paina,  218 

BaAlicnlar  neuritis,  97,  287 

Railway  spine,  595 

Reaction  of  degeneration,  25,  54 

—  — >  in  infantile  palsy,  858 

mixed  form,  26,  848 

Rectal  orises.  418 
Reetnm,  oentre  for,  206 
Rectus  femoris^  40 

Bed  softening  of  cord,  804 
Refiex  action,  13, 199, 219 
cutaneous,  14 

—  —  in  nenre  injury,  61 
muscular,  15 

—  — >  two  kinds  of,  in  oord,  199 

—  arc,  14^  201 

—  centre,  14,  201 

—  paralysis,  599 
^  qiasm,822 


IU>BcxM,d«ip,15 

Seotiblllty,  IMtil.'.  S 

-  mperilelal.  14 

Islant  period  of.  20 

-  to  p>in.  10 

It^encrRtian  of  liliret  ia  oord.  312 

—  totemiiemtiire^lO 

--  of  nervea.  E2 

Sensorj  conduction  in  Conl.  194 

llegre«ii»8  period  io  i-fantiU  p«Uy,  363 

—  iymptom.,  8 

iticorddiieue^aie 

191 

in  nerve  Inioii..  60 

ReticulBr  formiitloi.,  liiWnil,  I6S 

ID  talira,  403 

piiterior,  185 

Uhea<»atic  nenritu.  112,  116 

Sei,ti<wmic  poly,.o«rilii.  114 

Kheuni.tL.m  of  dor.»l  ausclo».  277 

Ser»tu>  rnxgnui,  !9 

Rhomboid.,  28 

nerxe  to.  83 

HigWitj,  cl-ap  knife.  822,  443 

Bexanl  functioni,  centre  (or.  Ids 

—  in  cord  duexiei.  213 

—  power  in  DatritiooM  diiaue,  004 

—  in  progreulve  -imiciiLir  aCmpli.v,  4N0 

b  taboB,  406 

Komber^B  BjmptDm,  402 

ill  tmoiDiitiu  iL-Bio"^  636 

Root-fibrM,  eourw)  of.  1S5 

Simple   idioputhio   ma.euUr  ■trophy,  ti. 

—  lyuipComi  in  oomprijgaion,  318 

503.  521 

-  xooe.  663 

Skin  glouj.  23 

—  nutritl.,n  of,  22.  206 

8. 

Sleep  pil>i»>,  81 

Sacrsi  pieiiii.  diieuea  of.  B3,  94 

SotteDing  of  cord.  £33.  304 

SarwDiH,  544 

red,  304                                ^^^^^^^ 

^^^^^^1 

SopnUr  rauBcle.,  27 

304                        ^^^^^H 

SciBti™.  93,  101 

Soleug  muBcle,  43                         ^^^H 

:^eii>tic  nvrre,  diseue  of,  93. 95 

Stmim.  6 

—  ID  cord  di>eue.  SIS 

6ule™.U,  .noul.r.  338 

—  in  progrcMlvo  muBcuUr  ■trophy.  4S0 

—  focul.aU 

—  reBei,  222 

—  in  ehronio  miuc-ulftr  atrophj,  488 

—  iiiiuliir,  233 

prJin»ry.  440 

—  lntCTAl,  440 

Sphincter  uni,  centre  for,  206 

ScifTotio  myelitis.  34X 

SpLiueten  In  tKbe..  410 

Secoiiduj  nUxf,  349 

—  p.r»ly*i.  of.  224 

—  deseiiemtion  of  onrd.  171 

Spider  cells  164,  307,  339 

MCending.  171.  178 

Spin*  biti.1..  581 

deweudiu^,  171, 176 

detorioiue*  in.  6SG 

—  —  of  nervef,  47,  48 

trophic  cLttngee  in,  «U 

—  tab«,401 

occulta,  681 

Spintl  colnoin.  growth*  In,  SM 

Scniilion.  loMliMition  of,  S 

auiitoiny  of.  162 

-  rhjtliinial  recurrence,  406 

blood  Biipply  of.  1B7 

8«nM.a)nt.ruI-r.ll.l2,  13 

function,  of.  169 

_  of  pain.  10 

—  tactile.  8,  9 

inflomm.tio..  of,  29tf 

—  tOmpenitoTt.  10 

wftoning  of.  304 

Son-ibilUy.  n..«tc<  of  testing.  8-11 

Btructure  of.  163 

—  ntUGaUr,  11,  13 

■jnfitow  «1  diMMa  ei;tU 
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S)iiDiil  cunratare  in  idiopatliie  •tropb7»525 

infantile  pals^,  363 

-»  —  progressive  mnicnlar  atrophy*  478 
ptendo-hypertrophj,  512 

—  epilepsy,  222 

—  iiemiplegia,  229 

—  irritation,  594 

—  membranes,  162 

—  meningeal  hamorrhage,  290 

—  meningitis,  265 

—  muscular  atrophy,  471 

—  pain.  593 

—  paralysis,  acute  atrophic,  851 

—  —  subacute,  chronic,  878 
Spine,  caries  of,  243 

—  concussion  of,  586 

—  diseases  of  artiuulations  of,  263 

—  dislocation  of,  238 

—  fracture,  239 

—  gunshot  wounds  of,  586 
-^  injuries  of,  233 

—  svphilitie  diseases  of,  2C1 

—  tumours  of,  256  • 
Spino-muscular  motor  seg^ment,  176 
Spongy  grey  substance,  166 

—  sone,  170 

Spontaneous  movements,  7 1  in  tabes,  403 

—  sensations,  219 
Stemo-mastoid,  27 
Stretching  nerves  in  tabes,  489 
Structural  diseases  2,  234 
Strychnia  in  mut^cular  atrophy,  497 
Subscapularis,  30 

Supinator  brevis,  83 

—  longus,  38 
Supinators,  193 

—  in  idiopathic  atrophy,  623 
Supra-scapular  nerve,  83 
Supra-spiuatus,  30 
Suspension  in  tabes,  489 
Symptoms,  combination  of,  236 

—  —  in  cord  disease,  226 

—  motor,  4,216 

—  sensory,  8,  216 

—  mode  of  investigation,  4 
Syner);ie  contraction,  7 

Svphilis  and  spinal  degenerations,  235 

—  and  injury  to  cord,  598 

—  and  tabes,  399 
Syphilitic  caries,  261 

—  diseases  of  cord,  235 

—  meningitis,  287 
Byphilomata  of  cord,  547,  548 


Syringo-myelia,  662 

—  and  cervical  pachymeningitis,  677 

—  and  hemorrhage,  678 

—  and  injuries,  572 

—  and  leprous  neuritis,  161 

—  and  meningitis,  288 

—  and  progressive  muscular  atrophy,  578 

—  and  tamours,  547.  540.  565,  574 

—  motor  symptoms  in,  675 
~~  muscular  atrophy  in,  574 

—  pain-sense  in,  574 

—  sweating  in,  676 

^  tomperature-sensf  in,  574 

Syringo-myelocele,  582 

Systom  diseases,  211,  232,  234»  896 


Tabes  dorsalis^  897 

—  —  and  diphtheritic  paralysis^  488 

—  -^  and  general  paralysis,  417 

and  neuritis,  400 

and  syphilis,  426 

and  tumours  of  nerro-rooti,  566 

—  —  eye  symptoms  in,  407 

—  —  heart  disease  in,  418 

motor  symptoms  in,  402 

-^  —  pathological  anaton^,  418 

—  —  pathology  of,  426 

reflex  symptoms^  406 

secondary,  401 

—  —  sensory  symptoms,  408 
sphincters  in,  410 

—  — >  trophic  and  vaso*motor  symptoms 
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Prof,  of  Equine  Anatomy,  New  York  College  of  Veterinary  Surgeons,  Physician 
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The  Use  of  the  Microscope  in  Practical  Medicine.    For  Students  and 
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MEDICAL  AND  SCIENTIFIC  PUBLICA  TIONS.  7 

BIOELOW.  Plain  Talks  on  Medical  Electricity  and  Batteries,  with  a  Thera- 
peutic Index  and  a  Glossary.  Prepared  for  Practitioners  and  Students  of  Medi- 
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BYPO&D.  Manual  of  Gynecology.  A  Practical  Student's  Book.  By  Henry  T. 
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land, Physician  to  Bay  View  Hospital  and  Union  Protestant  Infirmary,  Balti- 
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CoHi.ENTZ,  a.m.,  I'H.g.,  PH.D.,  Profcssor  of  Theor)'  and  Practice  of  Pharmacy, 
Director  of  Pharmaceutical  I^iboratory,  College  of  Pharmacy  of  the  Cir>-  of 
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CROCKEB.  Diseases  of  the  SkixL  Their  Description,  Pathology,  Diagnosis,  and 
Treatment,  with  special  reference  to  the  Skin  Eruptions  of  Children.  By  H. 
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Aubrey  Davis,  m.d.,  Ass't  Dem.  of  Obstetrics  and  Quiz  Master  in  Materia 
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DAT.  On  Headaches.  The  Nature,  Causes,  and  Treatment  of  Headaches.  By 
Wm.  H.  Day,  m.d.    Fourth  Edition.    Illustrated.    8vo.  Cloth,  |i.oo 

DOMYLLLE.  Manual  for  Nurses  and  others  engaged  in  Sittending  to  the  sick.  By 
Ed.  J.  DoMViLLE,  M.D.  Seventh  Edition.  Revised.  With  Kecipes  for  Sick- 
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DUHRSSEN'.     A  Manual  of  Osrnecological  Practice.    By  Dr.  A.  DOhrssen» 
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Biology  (Zoology  and  Botany),  Chemistry,  Dentistry,  Pharmacology,  Microscopy, 
etc.  By  George  M.  Gould,  m.d..  Editor  of  Tk^  Medical  News;  President 
American  Academy  of  Medicine  ;  Ophthalmologist  Philadelphia  Hospital/ etc. 
With  many  Useful  Tables  and  numerous  Fine  Illustrations.  Large,  Square 
Octavo.     1633  pages.  Full  Sheep,  or  Half  Dark-Green  Leather,  |io.oo 

Half  Russia,  Thumb  Index,  $12.00 
The  Medical  Student's  Dictionary.  Including  all  the  Words  and  Phrases 
generally  used  in  Medicine,  with  their  proper  Pronunciation  and  Definitions, 
based  on  Recent  Medical  Literature.  With  Tables  of  the  Bacilli,  Micrococci, 
Leucomains,  Ptomains,  etc.,  of  the  Arteries,  Muscles,  Nerves,  Ganglia  and 
Plexuses;  Mineral  Springs  of  U.  S.,  Vital  Statistics,  etc.  Smsdl  octavo,  520 
pages.  Half  Dark  Leather,  $2.75;  Half  Morocco,  Thumb  Index,  $3.50 

The  Pocket  Prononncing  Medical  Lexicon.    (12,000  Medical  Words 

Pronounced  and  Defined.)  A  Students*  Pronouncing  Medical  Lexicon. 
Containing  all  the  Words,  their  Definition  and  Pronunciation,  that  the 
Student  generally  comes  in  contact  with;  also  elaborate  Tables  of  the 
Arteries,  Muscles,  Nerves,  Bacilli,  etc.,  etc.;  a  Dose  List  in  both  English 
and  Metric  System,  etc.,  arranged  in  a  most  convenient  form  for  reference 
and  memorizing.    Just  Ready.    Thin  64mo.    (6  x  3X  inches.) 

Full  Limp  Leather,  Gilt  Edges,  $1.00;  Thumb  Index,  $1.25 
*^  Sample  pages  and  defcriptive  circular  of  Gould's  Dictionaries  sent  free  upon 
application.     See  Page  4, 

OBIPPITH'S  Graphic  Clinical  Chart.  Designed  by  J.  P.  Crozer  Griffith, 
M.D.,  Instructor  in  Clinical  Medicine  in  the  University  of  Pennsylvania.  Printed 
in  three  colors.    Sample  copies  free.  Put  up  in  loose  packages  of  50,    .50 

Price  to  Hospitals,  500  copies,  |4-oo;  1000  copies,  $7.50.    With  name  of  Hos- 
pital printed  on,  50  cents  extra. 

6B0VE8  AHD  THOKP.  Chemical  Technology.  A  new  and  Complete  Work. 
The  Application  of  Chemistry  to  the  Arts  and  Manufactures.  Edited  by 
Charles  £.  Groves,  f.r.s.,  and  Wm.  Thorp.  b.Sc.,  f.i.c,  assisted  by  many 
experts.  In  about  eight  volumes,  with  numerous  illustrations.  'Each  volumg 
sold  separately. 

Vol.  I.  Fuel  and  Its  Applications.    607  Illustrations  and  4  Plates.  Octavo. 

Cloth,  $5.00;  Half  Morocco,  $6.50 

Vol.11.    Lighting.    Illustrated.    Octavo.    Cloth,  I4.00;  Half  Morocco,  < $.50 

Vol.  III.    Lighting — Continued.  In  Press. 
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QOWEES.  Uanaal  of  Disease!  of  the  Nervous  System.  A  Complete  Texi-boolc 

By  WiLUAM  R.  GowKRs.  M.D.,  F.K.S.,  lYof,  Clinical  Medicine,  Univetsity  College. 
London.  Physician  lo  National  Hoapilnl  for  the  Paralyzed  and  Epileptic,  Second 
Edition.  Revised,  Enlarged  and  in  miiny  parts  tewrilien.  Willi  many  new 
lUustralions.     Twq  Volumes.     Octavo. 

Vol.  I.    Diseases  of  the  Nerves  and  Spinal  Cord.    f>\.f^  pages.      Cloth,  f  jm 

Vol.  II.     Diseases  of  the  Brain    and  Cranial   Nerves;  General  and 

Fnnctional  Diseases.    1069  pages.  Cloth,  f4.co 

*,*ThiB  book   has  been  translated   inlo   German,  Italian,  and  Spanish.      It  li 

published  in  London,  Milan,  "Bonn,  Barcelona,  and  Philadelphia. 

Syphilis  and  the  Nervons  System,  Being  a  revised  reprint  of  the  Lei 
mian  Lecturer  for  1890,  delivered  before  the  Medical  Society  of  Loni 
12mo.  Clolh.l 

Diagnosis  of  Diseases  of  the  Brain,  8vo,  Second  Ed,  Illus.  Clotb,  ^i,^ 
If  edical  Ophthalmoscopy.  A  Manual  and  Atlas,  with  Colored  Autotype  and 
Lithographic  Plates  and  VVood-culs,  coniprising  Original  Illustrations  of  the 
changes  of  the  Eye  in  Diseases  of  the  Brain,  Kidney,  etc.  Third  Edrlion, 
Revised,  with  the  assistance  of  R.  Marcus  Gunn.  f.h.cs,.  Surgeon.  Royal 
London  Ophthalmic  Hospital.  Moorfielils.    Oclavo.  Cloth,  ^.oo 

The  Dynamics  of  Life,    i:mo. 
Clinical  Lectures.    A  new  volume  of  Essays  on  the 
etc.,  of  Diseases  of  the  Nervous  System, 
HACKER,    Antiseptic  Treatment  of  Wonnds,  introducti 
the  Method  in  Use  at  Professor  Billrolh's  Clinic,  Vienna, 
Hacker,  Assistant  in  the  Clinic  Billroth,  Professor  of  Surgery, 
by  Surgeon-Captain  C.  R.  Kilkelly,  m.b.     umo. 
HAIO.    Cassation 


Cloth,  .75 

}iagno&is.  Treatment. 

Clolh.  Hx»o 

1  to  the,  according  to 

By  Dr.  VICTOR  R.  v. 

Translated 

Qotb. .{ 

Disease  by  ITrio  Acid,    A  Contribution  to  the  Palbologr  j| 


tb..sa 
:iaaH 


High  Arterial    Tension,   Headache.   Epilepsy,  Gout,   Rheumatism. 
Briyht's  Disease,  etc.    By  Alex.  Haic,  m,a..  m.d,  (OxonJ.,  F.R.C  P.,  Physiciaft'  ^ 
Metropolitan  Hospital,  London.     Illustrated.      Third  Edition.  In  /Yrai 

HALE.  On  the  Management  of  Children  In  Health  and  Disease.  Cloth,  .jo 
HALL.  Compend  of  General  Pathology  and  Morbid  Anatomy.  ByH.Ncw»Biiv 
Hall,  i-h.g.,  m,i>,.  Professor  of  Pathology  and  Medical  Chemistry;  Pos|.Graduale 
Medical  School :  Surgeon  lo  the  Emergency  Hospital,  Chicago ;  Chief  Ear  Clinic. 
Chicago  Medical  College,  etc.  With  91  Uluslraiions.  Na.  /j  tOmM-Ccmpfndf 
"     '  -,...,,    ivcdfor"' 


Clolh,  .80.     Interleaved  for  Notes,  (i. 


Compend  of  Diseases  of  the  Ear  and  Nose.    Illustraied.  N».  /6  f  Quix- 
ComptHd?  Series.  Cloth,  .80,     Interleaved  for  Notes,  ft. 35 


HALL,    Diseases  of  the  Hose  and  Throat.    By  F.  De  Havilland  Halu  u,d, 

F.R.c.p,  (Lond.),  Physician  in  charge  Throat  Deparlment  Westminster  Hospital. 
Joint  Lecturer  on  Principles  and  Practice  of  Medicine,  Westminster  HospitU, 
Medical  School,  etc.     Two  Colored  Plates  and  59  IHus.     iimo.  Clolh.  ^jr-" 

HAN8ELL  and  BELL,    Clinioal  Ophthalmology,  Ulnstrated.    A  Manual 
Students  and  Physicians.     By  Howard  F.  Han'sell.  a.m.,  m.d.,  Lccluier 

Ophthalmology  in  the  Jefferson  College  Hospital,  Philadelphia,  etc.  and  Ja; 

H.  Bell,  U,D,,  late  Member  Ophthalmic  Siafl",  JelTerson  College  Hospitxl: 
Ophthalmic  Surgeon,  Southweslern  Hospital,  Phila.  With  Colored  I'late  of 
Normal  Fundus  and  no  Illustrations,     iimo.  Clolh.  9l.{4 

HAEE.  Mediastinal  Disease.  Tlie  Pathology,  Clinical  History  and  Di; 
Affections  of  the  Mediastinum  other  than  those  of  the  Heart  and  Aorta. 
Hark,  m.d,  (Univ.  of  Pa.|,  Professor  of  Materia  Medica  and  Therai 
Jefferson  Medical  College,  Phila,    Svo,    Illustrated  by  Six  Plates.       Cl 
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HABLAK.  Eyesight,  and  How  to  Care  for  It.  By  George  C.  Harlan,  m.d., 
Prof,  of  Diseases  of  the  Eye,  Philadelphia  Polyclinic.    Illustrated.        Cloth,  40 

HABEIS^S  PrincipleB  and  Practice  of  DentiBtry.  Including  Anatomy,  Physi- 
ology, Pathology,  Therapeutics,  Dental  Surgery  and  Mechanism.  By  Chapin  A. 
Harris,  m.d.,  d.d.s..  late  President  of  the  Baltimore  Dental  College,  author*  of 
"  Dictionary  of  Medical  Terminology  and  Dental  Surgery."  TwclfUi  Edition. 
Revised  and  Edited  by  Ferdinand  J.  S.  Gorgas,  a.m.,  m.d.,  d.d.s.,  author  of 
*•  Dental  Medicine ;"  Professor  of  the  Principles  of  Dental  Science,  Dental 
Surgery  and  Dental  Mechanism  in  the  University  of  Maryland.  1086  Illustra- 
tions.   1225  pages.    8vo.  Cloth,  $6.00 ;  Leather,  $7.00 

Dictionary  of  Dentistry.  Fifth  Edition,  Revised.  Including  Definitions  of 
such  Words  and  Phrases  of  the  Collateral  Sciences  as  Pertain  to  the  Art  and 
Practice  of  Dentistry*.  Fifth  Edition.  Rewritten,  Revised  and  Enlarged. 
By  Ferdinand  J.  S.  Gorgas,  m.d.,  d.d.s.,  Author  of  "  Dental  Medicine ;  ** 
Editor  of  Harris's  "Principles  and  Practice  of  Dentistry;'*  Professor  of 
Principles  of  Dental  Science,  Dental  Surgery,  and  Prosthetic  Dentistry  in  the 
University  of  Maryland.    Octavo.  Cloth.  $4.50;  Leather,  I5. 50 

HAE&I8  and  BEALE.  Treatment  of  Polmonary  Consumption.  By  Vincent 
Dormer  Harris,  m.d.  (Lond.).  f.r.c.p.,  Physician  to  the  city  of  London  Hospi- 
tal for  Diseases  of  the  Chest ;  Examining  Physician  to  the  Royal  National  Hos- 
pital for  Diseases  of  the  Chest,  Ventnor,  etc.,  and  E.  Clifford  Bealb,  m.a., 
M.B.  (Cantab.),  f.r.c.p..  Physician  to  the  city  of  London  Hospital  for  Diseases 
of  the  Chest,  and  to  the  Great  Northern  Central  Hospital,  etc.  A  Practical 
Manual.     i2mo.  Nearly  Ready, 

HAETEIDOE.  Refraction.  The  Refraction  of  the  Eve.  A  Manual  for  StudenU. 
By  GusTAVUS  Hartridge,  f.r.c.s.,  Consulting  Ophthalmic  Surgeon  to  St  Bar- 
tholomew's Hospital ;  Ass't  Surgeon  to  the  Royal  Westminster  Ophthalmic  Hos- 
pital, etc.    98  Illustrations  and  Test  Types.    Seventh  Edition.  Clotli,  |i.oo 

On  The  Ophthalmoaoope.  A  Manual  for  Physicians  and  Students.  Second 
Edition.    With  Colored  Plates  and  many  Woodcuts.     i2mo.       Cloth,  $1.25 

HAJtTSHORHE.  Onr  Homes.  Their  Situation,  Construction,  Drainage,  etc.  By 
Henry  Hartshorns,  m.d.    Illustrated.  Cloth,  40 

HATFIELD.  Diseases  of  Children.  By  Marcus  P.  Hatfield,  Professor  of 
Diseases  of  Children,  Chicago  Medical  College.  With  a  Colored  Plate.  Being 
No,J4,f  Quii'Compendf  SnrUs,     i2mo.  Cloth.  .80 

Interleaved  for  the  addition  of  notes,  $1.25 

HEATH'S  Minor  Snrg^ery  and  Bandaging.  By  Christopher  Heath,  f.r.cs., 
Holme  Professor  of  Clinical  Surgery  in  University  College,  London.  Tenth 
Edition.  Revised  and  Enlarged.  With  158  Illustrations,  62  Formulae,  Diet 
List.  etc.     i2mo.  Cloth,  $1.25 

Practical  Anatomy.  A  Manual  of  Dissections.  Eighth  London  Edition. 
300  Illustrations.  Cloth,  $4.25 

Iiunries  and  Diseases  of  the  Jaws.  Fourth  Edition.  Edited  by  Henry 
Percy  Dean,  m.s.,  f.r.c.s..  Assistant  Surgeon  London  Hospital.  With 
187  Illustrations.   8vo.  Cloth,  $4.50 

Lectures  on  Certain  Diseases  of  the  Jaws,  delivered  at  the  Royal  College  of 
Surgeons  of  England,  1887.    64  Illustrations.    8vo.  Boards,  .50 

HSHET.  AnsBmia.  A  Practical  Treatise.  By  Fred'k  P.  Henry,  m.d..  Physician 
to  Episcopal  Hospital,  Philadelphia.  Half  Clodi,  .50 

HIOOEHS*  Ophthalmic  Practice.  By  Charles  Higgens,  f.r.c.s.  lUus.  Cloth,|i.5o 
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HILL  AKD  COOPER.  Venereal  DiseaseB.  Being  a  concise  description  of  those 
Affections  and  their  Treatment.  By  Berkeley  Hill,  m.d.,  Professor  of  Clinical 
Surgery,  University  College,  and  Arthi'r  Cooper,  m.d.,  Late  House  Surgeon 
to  the  Lock  Hospital,  London.    4th  Edition.     i2nno.  Cloth,  .75 

HOLD£N*S  Anatomy.  Sixth  Edition.  A  Manual  of  the  Dissections  of  the  Human 
Body.  Bv  John  Langton,  f.r.c.s.,  Surgeon  to,  and  Lecturer  on  Anatomy  at, 
St.  Bartholomew's  Hospital.  Carefully  Revised  by  A.  Hewson,  m.d..  Demonstra- 
tor of  Anatomy,  Jefferson  Medical  College;  Chief  of  Surgical  Clinic,  Jefferson 
Hospital;  Mem.  Assoc.  Amer.  Anatomists,  etc.  311  Illustrations.  i2mo.  800 
pages.  Cloth,  $2.50;  Oil-cloth,  52.50;  Leather,  $3.00 

Human  Osteology.  Comprising  a  Description  of  the  Bones,  with  Colored 
Deline«itions  of  the  Att.ichmcnts  of  the  Muscles.  The  General  and  Micro- 
scopical Structure  of  Bone  and  its  Development.  Carefully  Revised,  by 
the  Author  and  Prof.  Stewart,  of  the  Royal  College  of  Surgeons'  Museum. 
With  Lithographic  Plates  and  Numerous  Illustrations.   7th  lild.    Cloth,  55.25 

Landmarks.     Medical  and  Surgical.    4th  Edition.     8vo.  Cloth,  fLoo 

HOLLAND.   The  Urine,  the  Oastrio  Contents,  the  Common  Poisons  and  the 

Milk.  Memoranda,  Chemical  and  Microscopical,  for  Laboratory  Use.  By  J.  W. 
Holland,  m.d..  Professor  of  Medical  Chemistry  and  Toxicology  in  Jefferson 
Medical  College,  of  Philadelphia.  Fifth  Edition,  Enlarged.  Illustrated  and 
Interle.ivcd.  i2mo.  Cloth,  fi.oo 

HORSLET.  The  Brain  and  Spinal  Cord.  The  Structure  and  Functions  of.  Being 
the  Fullcrian  Lectures  on  Physiology  for  1891.  By  Victor  A.  Horslev,  m.b., 
F.R.S.,  etc..  Assistant  Surgeon,  University  College  Hospital,  Professor  of  Pathology, 
University  College,  London,  etc.    With  numerous  Illustrations.  Cloth,  52.50 

HOBWITZ'S  Compend  of  Soreery,  including  Minor  Surgery,  Amputations,  Frac- 
tures, Dislocations,  Surgical  Diseases,  and  the  I^itest  Antiseptic  Rules,  etc.,  with 
Differential  Diagnosis  and  Treatment.  By  Orville  Horwitz,  U.S.,  m.d.,  Pro- 
fessor of  (icnito-Urinary  Diseases,  late  Demonstrator  of  Surgery,  Jefferson  Medi- 
cal College.  Fifth  Edition.  Very  much  Enlarged  and  Rearranged.  Over  300 
pages.     167  Illustnations  and  98  Formulae.    i2mo.  A<?.o  f  Qui g-  Compend  f  Serui, 

Cloth,  .80.     Interleaved  for  notes,  51.2^ 

HTJOHES.    Compend  of  the  Praotice  of  Medicine.    Fifth  Edition.    Revised  and 

Enlarged.  By  Daniki.  E.  Ih'Ciincs,  m.d..  Demonstrator  of  Clinical  Medicine  at 
Jefferson  Medical  College,  Philadelphia.  In  two  parts.  Being  Xos,  2  and  j, 
/  Qin'Z'  Compend  t  St-ries. 

Part  I. — Continued,  Eruptive  and  Periodical  Fevers,  Diseases  of  the  Stomach, 
Intestines,  Peritoneum,  Biliary  Passages,  Liver,  Kidneys,  etc.,  and  General 
Diseases,  etc. 

Part  II. — Diseases  of  the  Respir.itory  System,  Circulatory  System  and  Ner- 
vous System  ;  Diseases  of  the  Blood,  etc. 

Price  of  each  Part,  in  Cloth,  .80 ;  interleaved  for  the  addition  of  Notes,  j;i.25 

Physicians*  Edition. — In  one  volume,  including  the  above  two  parts,  a  sec- 
tion on  Skin  Diseases,  and  an  index,  /•/////  rnnsed^  enlarged  Edition. 
^>6S  pages.  Full  Morocco,  Gilt  Edge,  52.2$ 

"  Carefully  and  systematically  compiled.** — 'Ike  London  Lancet. 

HUMPHREY.  A  Manual  for  Horses.  Including  general  Anatomy  and  Physiology, 
management  of  the  sick-room,  etc.  By  Laure.nce  Humphrey,  m.a.,  m.b., 
m.r.c.s.,  .Assistant  Physician  to,  and  Lecturer  at.  Addenbrook's  Hospital,  Cam- 
bridjje,  F.ngland.     Thirteenth  Kdilion.     i2mo.     Illustrated.  Cloth,  51.00 

HT8L0P  S  MENTAL  PHTSIOLOOT.  Especially  in  its  Relation  to  Mental  Dis- 
orders.  By  Thko.  B.  Hvsi.oi*.  m.d.,  Lecturer  on  Mental  Diseases,  St.  Mar)-*s 
Hospital  Niedical  S<  hool.  Assistant  Physician,  Bethlem  Royal  Hospital,  London. 
With  Illustrations.     I2nu).  Cloth,  54.2^ 
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HOVEL  L.    Diseases  of  the  £a^  and  Kaso-Pharynx.     A  Treatise  including 

Anatomy  and  Physiology  of  the  Organ,  together  with  the  treatment  of  the  affec- 
tions of  the  Nose  and  Pharynx  which  conduce  to  aural  disease.  By  T.  Mark 
HovELL.  F.R.c.s.  (Edin.),  m.r.c.s.  (Eng.),  Aural  Surgeon  to  the  London  Hospital, 
to  Hospital  for  Diseases  of  the  Throat,  and  to  British  Hospital  for  Incurables, 
etc.     122  Illustrations.    Octavo.         •  Cloth,  I5.00 

HTTTCHIlf  SOK.  The  Hose  and  Throat.  A  Manual  of  the  Diseases  of  the  Nose 
and  Throat,  including  the  Nose,  Naso-Pharynx,  Pharynx  and  Larynx.  By 
Procter  S.  Hutchinson,  m.r.c.s.,  Ass't  Surgeon  to  the  London  Hospital  for 
Diseases  of  the  Throat.  Illustrated  by  Lithograph  Plates  and  40  other  Illus., 
many  of  which  have  been  made  from  original  drawings.   i2mo.  2d  Ed.    Im  Press. 

JACOBSOK.  Operations  of  Surgery.  By  W.  H.  A.  Jacobson,  b.a.  oxon., 
F.R.c.s.,  Eng. ;  Ass't  Surgeon,  Guy*s  Hospital ;  Surgeon  at  Royal  Hospital  for 
Children  and  Women,  etc.    With  over  200  lUust.      Cloth,  $3.00 ;  Leather,  ^4.00 

Diseases  of  the  Male  Organs  of  Generation.    88  Illustrations.    8vo. 

Cloth,  f6.oo 

KENWOOD.    Public  Health  Laboratory  Work.     By  H.  R.  Kenwood,  m.b., 

D.P.H.,  F.C.S.,  Instructor  in  Hygienic  Laboratory,  University  College,  late  Assistant 

Examiner  in  Hygiene,  Science  and  Art  Department,  South  Kensington,  London, 

etc.    With  1 16  Illustrations  and  3  Plates.  Cloth,  %^xx> 

KIBKES*  Physiolo^.  (/jM  Authorized  Edition.  i2mo.  Dark  Red  doth.) 
A  Handbook  of  Physiology.  Thirteenth  London  Edition,  Revised  and  Enlarged. 
By  W.  MoRRANT  Baker,  m.d.,  and  Vimcent  Dormer  Harris,  m.d.  516  Illus- 
trations, some  of  which  are  printed  in  Colors.  i2mo.  Cloth,  $3.25;  Leather,  ^4. 00 

KLEEK  AKD  HAETWELL.    Handbook  of  Massage.    By  Emil  Kleen,  m.d.. 

PH.D.,  Stockholm  and  Carlsbad.  Authorized  Translation  from  the  Swedish,  by 
Edward  Mussey  Hartwell,  m.d.,  ph.d..  Director  of  Physical  Training  in  the 
Public  Schools  of  Boston.  With  an  Introduction  by  Dr.  S.  Weir  Mitchell, 
of  Philadelphia.  Illustrated  with  a  series  of  Photographs  made  specially  by 
Dr.  Kleen  for  the  American  Edition.    8vo.  Cloth,  $2.25 

LAVDIS'  Compend  of  Obstetrics ;  especially  adapted  to  the  Use  of  Students  and 
Physicians.  By  Henry  G.  Landis,  m.d.  Fifth  Edition.  Revised  by  Wm.  H. 
Wells,  Assistant  Demonstrator  of  Clinical  Obstetrics,  Jefferson  Medical  College; 
Member  Obstetrical  Society  of  Philadelphia,  etc  Enlarged.  With  Many  Illus- 
trations.   No,  J  t  Quit'  Compend  t  Series. 

Cloth,  .80;  interleaved  for  the  addition  of  Notes,  I1.25 

LAKDOIS.  A  Text-Book  of  Human  Physiology ;  including  Histology  and  Micro- 
scopical Anatomy,  with  special  reference  to  me  requirements  of  Practical  Medi- 
cine. By  Dr.  L.  Landois,  Professor  of  Physiology  and  Director  of  the  Physio- 
logical Institute  in  the  University  of  Greifswald.  Fifth  American,  translated 
from  the  last  German  Edition,  with  additions,  by  Wm.  Stirling,  m.d.,  d.Sc., 
Brackenbury  Professor  of  Physiology  and  Histology  in  Owen's  College,  and  Pro- 
fessor in  Victoria  University,  Manchester ;  Examiner  in  Physiology  in  University 
of  Oxford,  England.  With  845  Illustrations,  many  of  which  are  printed  in 
Colors.    2  Volumes.    8vo.  /u  I^ess, 

"The  MOST  COMI'LETK  resumf  of  all  the  facts  in  physiology  in  the  language." — like  Lancet, 
"Excellently  clear,  attractive,  and  succinct." — British  Medical  Journal, 

LEE.  The  Mierotomist^s  Vade  Meeuin.  Fourth  Edition.  A  Handbook  of 
Methods  of  Microscopical  Anatomy.  By  Arthur  Bolles  Lee,  Ass*t  in  the  Rus- 
sian Laboratory  of  Zoology,  at  Villefranche-sur-Mer  (Nice).  881  Articles.  En- 
larged and  Revised.    Octavo.  Jn  Press. 
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MAG&EADT.    A  Traatisa  on  Baptnras.     By  Jonathan  F.  C.  H.  Macready, 

F.K.C.S..  Surgeon  to  the  Great  Northern  Central  Hospital ;  to  the  City  of  London 
Hospital  for  Diseases  of  the  Chest ;  to  the  City  of  I^ndon  Truss  Society,  etc. 
With  24  full-page  Lithographed  Plates  and  numerous  Wood- Engravings.  Octavo. 

Cloth,  |6.oo 

MAHV.  Foransic  Madicina  and  Toxicology.  A  Text-Book  by  J.  Dixon  Mann, 
M.D.,  F.K.C.P.,  Professor  of  Medical  Jurisprudence  and  Toxicology  in  Owens  Col- 
lege, Manchester ;  Examiner  in  Forensic  Medicine  in  University  of  London,  etc. 
Illustrated.    Oetavo.  Cloth,  ^6.50 

HASH'S  Manual  of  Psychological  Medicine  and  Allied  Nervous  Diseases.  Their 
Diagnosis,  Pathology,  Prognosis  and  Treatment,  including  their  Medico-Legal 
Aspects ;  with  chapter  on  Expert  Testimony,  and  an  abstract  of  the  laws  relating 
to  the  Insane  in  all  the  States  of  the  Union.  By  Edward  C.  Mann,  m.d., 
member  of  the  New  York  County  Medical  Society.  With  Illustrations  of  Typical 
Faces  of  the  Insane,  Handwriting  of  the  Insane,  and  Micro-photographic  Sec- 
tions of  the  Brain  and  Spinal  Cord.    Octavo.  Cloth,  I3.00 

MARSHALL'S  Physiological  Diagrams,  Life  Size,  Colored.  Eleven  Life-size 
Diagrams  (each  7  feet  by  3  feet  7  inches).  Designed  for  Demonstration  before 
the  Class.  By  John  Marshall,  f.r.s.,  f.r.cs.,  Professor  of  Anatomy  to  the 
Royal  Academy ;  Professor  of  Surgery,  University  College,  London,  etc. 

In  Sheets  Unmounted,  I40.00 
Backed  with  Muslin  and  Mounted  on  Rollers,  ^60.00 
Ditto,  Spring  Rollers,  in  Handsome  Walnut  Wall  Map  Case  (Send  for 

Special  Circular) $100.00 

Single  Plates,  Sheets,  $5.00;  Mounted,  $7.50;  Explanatory  Key,  50  cents. 
No.  I — The  Skeleton  and  Ligaments.  No.  2 — The  Muscles  and  Joints,  with 
Animal  Mechanics.  No.  3 — The  Viscera  in  Position.  The  Structure  ot  the  Lungs. 
No.  4 — The  Heart  and  Principal  Blood-vessels.  No.  5 — The  Lymphatics  or  Absorb- 
ents. No.  6— The  Digestive  Organs.  No.  7 — The  Brain  and  Nerves.  Nos.  8  and  ^— 
The  Organs  of  the  Senses.  Nos.  10  and  11 — The  Microscopic  Structure  of  the 
Textures  and  Organs.    {Send for  Special  Circular.) 

KASOK'S  Compend  of  Electricity,  and  its  Medical  and  Surgical  Uses.  By 
Charles  F.  Mason,  m.d..  Assistant  Surgeon  U.  S.  Army.  With  an  Intro- 
duction by  Charles  H.  May,  m.d.,  Instructor  in  the  New  York  Polyclinic. 
.Numerous  Illustrations.     i2mo.  Cloth,  .75 

HAZWELL.  Terminolo§^a  Medica  Polyglotta.  By  Dr.  Theodore  Maxwell, 
assisted  by  others  in  various  countries.    8vo.  Cloth,  $3.00 

The  object  of  this  work  is  to  assist  the  medical  men  of  any  nationality  in  reading  medical  literature  written 
la  a  language  not  their  own.  Each  term  is  usually  given  in  seven  languages,  viz. :  English,  French,  German, 
Italian,  Spanish,  Russian  and  Latin. 

KAYS*  Therapeutic  Forces  ;  or,  The  Action  of  Medicine  in  the  Light  of  the  Doc- 
trine of  Conservation  of  Force.    By  Thomas  J.  Mays,  m.d.  Cloth,  $1.25 
Theine  in  the  Treatment  of  Heoralgia.    i6mo.                      %  bound,  .50 

KeBRIDE.  Diseases  of  the  Throat,  Hose  and  Ear.  A  Clinical  Manual  for  Stu- 
dents and  Practitioners.  By  P.  McBride.  m.d.,  f.r.c.p.  (Edin.),  Surgeon  to  the 
Ear  and  Throat  Department  of  the  Royal  Infirmary;  Lecturer  on  Diseases  of 
Throat  and  Ear,  Edinburgh  School  of  Medicine,  etc.  With  Colored  Illustrations 
from  Original  Drawings.   2d  Edition.   Octavo.      Handsome  Cloth,  Gilt  top,  f6.oo 

KoVEILL.  The  Prevention  of  Epidemics  and  the  Constmotion  and  Man- 
agement of  Isolation  Hospitals.  By  Dr.  Roger  McNeill,  Medical  Officer  of 
Health  for  the  County  of  Argyll.  With  numerous  Plans  and  other  Illustrations. 
Octavo.  Cloth,  $3.50 
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KEIOS.  Milk  Analysis  and  Infieuit  Feeding^.  A  Treatise  on  the  Examination  of 
Human  aiul  Cows'  Milk,  Cream.  Condensed  Milk,  etc.,  and  Directions  as  to  the 
Diet  of  Young  Infants.     By  Arthur  V.  Meigs,  m.d.     i2mo.  Cloth,  .^ 

KEKMINOER.  Diagnosis  by  the  Urine.  The  Practical  Examination  of  Urine, 
with  Spot  ial  Reference  to  Diagnosis.  By  Allard  Memminger,  m.d.,  l*rofessor 
of  Chemistry  and  of  Hygiene  in  the  Medical  College  of  the  State  of  S.  C. ;  Visiting 
Physician  in  the  City  Hospital  of  Charleston,  etc.    23  IIlus.    i2mo.     Cloth,  |i.oo 

■ETEE.  Ophthalmology.  A  Manual  of  Diseases  of  the  Eye.  By  Dr.  Edouard 
Mkyf.r.  Translated  from  the  Third  French  Edition  by  A.  Freedland  Fer- 
gus, M.n.     270  Illustrations,  two  Colored  Plates.        Cloth,  1^3.50;  Leather,  $4.50 

KOVET.  On  Children.  Treatment  of  Disease  in  Children,  including  the  Chitlines 
of  Diagnosis  and  the  Chief  Pathological  Differences  between  Children  and 
Adults.  By  Angei.  Money,  m.d.,  m.r.c.p.,  Ass't  Physician  to  the  Hospital  for 
Sick  Children,  (treat  Ormond  St.,  London.     2d  Edition.     i2mo.         Cloth.  $2,50 

■OERIS.  Text-Book  of  Anatomy.  791  Illnstrations,  many  in  Colors.  A  com- 
plete Text-hook.  Edited  by  Henry  Morris,  f.r.c.s.,  Surg,  to,  and  Lect.  on 
Anatomy  at,  Middlesex  Hospital,  assisted  by  J.  Bland  Sutton,  f.r  c.s.,  J.  H, 
Davies-Coli.ky,  f.r.c.s.,  \Vm.  J.  Wausham,  f.r.c.s.,  H.  St.  John  Brooks,  m.d., 

R.    MaRCITS  (ll'NN.  F.R.C.S..    ARTHUR    HeNSMAN.   F.R.C.S.,    FREDERICK   TREVES, 

F.R.C.S.,  William  Anderson,  f.r.c.s.,  and  I*rof.  W.  H.  A.  Jacobson.  One 
Handsome  l>ctavo  \'olume,  with  701  Illustrations.  214  of  which  arc  printed  in 
colors.  Cloth,  |l(>.oo;  leather,  Ji/.co ;  Half  Russia.  $8xx> 

"  I'akcn  AS  a  whole,  wc  hftve  no  hesitation  in  according  ver}*  high  praise  to  this  work.  It 
will  rank,  we  l)rlicve,  with  the  leading  .\natomies.  The  illustrations  are  handsome  and  tlie 
printing  '\%  g«»otl.*' — Ih^^tcm  Afrt/t\-*7/  amJ  Surt^ical  Jotirnal, 

Handsome  circular,  with  slimple  pages  and  colored  illustrations,  ^11  be  sent  fret 
to  any  address. 

■OULLIN.  Surgexy.  Third  Edition,  by  flamilton.  A  Complete  Text-book. 
Hy  C.  W.  Manskll  Moci,lin.  m.a.,  m.i>.  oxon..  f.r.c.s..  Surjjeon  and  Lee- 
luroi  on  riiysiology  to  the  London  Hospital;  formerly  Radcliffc  Traveling 
Fellow  and  Follow  of  Pembroke  Collcj;e,  Oxford.  Third  Amciican  Edition. 
Rcvisc<l  and  edited  by  John  H.  Hamilton,  m.d..  ll.d..  lYofessor  of  the  Principles 
of  Sur>;cry  and  Clinical  Surjjcry,  Rush  Medical  College.  Chicajjo  ;  Professor  of 
Surjicry.  Chicajjo  Polyclinic  ;  Surj^eon,  formeily  Supervising  Surgeon -General, 
I*.  S.  Marine  Ih^spital  Service;  Surjjeon  to  Presbyterian  Hospital;  Consuhing 
Surjzcon  to  St.  Joseph's  Hospital  and  Central  Free  Dispensary.  Chica/;o,  etc. 
600  Illustrations,  over  2iX">  of  which  a?e  original,  and  many  of  which  arc  printed 
in  ColoiN.     Ron al  Octavo.     1 2 >o  pages. 

Handsomely  bound  in  Cloth,  K»  00;  Lea:her,  57.00 
••  The  Aim  to  make  lhi«i  valunhic  treatise  practical  hy  giving  special  a:teDtion  to  qncstions  of 
treatment  hav  l>een  a«lmirahly  carried  out.  Many  a  reatier  will  ci'tnsu^t  the  work  »iib  a  feeling 
of  satisfaction  th.ii  his  wants  have  l>een  untiersii'Kxl,  and  that  ihcy  have  rieen  inie*  i^cDily  met 
He  will  not  look  in  \a;n  fur  <iol.iiK,  without  pn^per  attention  to  which  he  wci]  know*  thai  the 
highest  svi*ve><.  i>  imj"»oxvihle  " —  7'hf  Amr^-i^-xin  Jimi-nai  c*  Mrdi^-a.'  Scimrei. 

Enlargement  of  the  Prostate.     Its  Treatment  and   Radical   Cure.     lUos- 
tratcd.     CVtavo.  Cioih,  51.50 

KTT&RELL.  Mattotherapentict.  Massage  as  a  Mode  of  Treatment.  By  Wm. 
MiRRKU.,  M.I)..  K.R.c.r.,  lecturer  on  Phannacolopy  and  Thcrapieutics  at  West- 
minster Hospital.     Fifth  F.dition.    Revised.    i2mo.  Oorh,  f  1.25 

Chronic  Bronchitis  and  its  Treatment    KAuikmzed  Editum.)    A  Clinicai 

.Study.     i2mo.     i"6i>aj;es.  Cioch.  f  1.50 

What  to  Do  in  Cases  of  Poisoning.    Seventh  Ed-.uon.  Enlarged  and  Re- 

v.scti.     ^4:110.  Cioih.  f  i.oo 
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KOETOK  on  Eefraction  of  the  Eye.  Its  Diagnosis  and  the  Correction  of  its  Errors. 
With  Chapter  on  Keratoscopy.  and  Test  Types.  By  A.  Morton,  m.b.  Fifth 
Edition,  Revised  and  Enlarged.  Cloth,  $i.oo 

MTTSEETT.  Prescribine  and  Treatment  in  the  Diseases  of  In&nts  and  Child- 
ren, By  Philip  E.  Muskett,  Late  Surgeon  to  the  Sydney  Hospital,  Formerly 
Senior  Resident  Medical  Officer,  Sydney  Hospital.     32mo.  Cloth,  $1.25 

MiJTEE.    Practical  and  Analytical  Chemistry.    By  John  Muter,  f.r.s.,  f.cs., 

etc.  Fourth  Edition.  Revised,  to  meet  the  requirements  of  American  Medical 
Colleges,  by  Claude  C.  Hamilton,  m.d..  Professor  of  Analytical  Chemistry 
in  University  Med.  Col.  and  Kansas  City  Col.  of  Pharmacy.     51  Illus.   Cloth,  $1.25 

"  Muter's  Manual  of  Analjrtical  Chemistry,  several  previous  editions  of  which  we  have 
noticed,  now  appears,  revised  in  an  American  edition  by  Dr.  Claude  C.  Hamilton.  This 
revision  is  ba^d  upon  the  fourth  English  edition.  The  editor  has  made  only  such  changes  as 
were  required  to  adapt  the  book  to  the  U.  S.  Pharmacopceia,  except  in  the  chapter  on  urine 
analysis,  which  has  been  enlarged  and  to  which  cuts  of  microscopic  sediments  and  other  illus- 
trations have  been  added.  The  chapter  on  water  analysis  has  been  altered  to  correspond  with 
Wankl3m's  methods,  as  they  are.  most  generally  used  in  America.  Several  other  processes  have 
been  added,  such  as  estimation  of  chloral  hydrate,  of  fat  in  milk,  etc.,  and  various  minor  change 
in  arrangement  have  been  made  in  the  interest  of  convenience  in  using  the  treatise." — The 
Popular  Science  Monthly, 

VAPHETS'  Modem  Therapeutics.  Kinth  Bevised  Edition,  Enlarged  and  Im- 
proved. In  Two  Handsome  Volumes.  Edited  by  Allen  J.  Smith,  m.d..  Pro- 
fessor of  Pathology',  University  of  Texas,  Galveston,  late  Ass*t  Demonstrator  of 
Morbid  Anatomy  and  Pathological  Histology,  Lecturer  on  Urinology,  University 
of  Pennsylvania ;  and  J.  Aubrey  Davis,  m.d.,  Ass't  Demonstrator  of  Obstetrics, 
University  of  Pennsylvania;  Ass't  Physician  to  Home  for  Crippled  Children,  etc. 

Vol.  I.— General  Medicine  and  Diseases  of  Children. 

Handsome  Cloth  binding,  ^4.00 

Vol.  II.— General  Surgery,  Obstetrics,  and  Diseases  of  Women. 

Handsome  Cloth  binding,  ^4.00 

HEW  S7DENHAM  SOCIETY  Pnblications.  Three  to  Six  Volumes  published 
each  year.    Ust  of  Volumes  upon  application.  Per  annum,  $8.00 

OBEESTEINER.  The  Anatomy  of  the  Central  Kervons  Organs.  A  Guide  to  the 
study  of  their  structure  in  Health  and  Disease.  By  Professor  H.  Oberstbiner, 
of  the  University  of  Vienna.  Translated  and  Edited  by  Alex.  Hill,  m.a.,  m.d.. 
Master  of  Downing  College,  Cambridge.     198  Illustrations.    Svo.      Cloth,  $$.$0 

OPHTHALMIC  EEVIEW.  A  Monthly  Record  of  Ophthalmic  Science.  Published 
in  London.    Sample  Numbers^  2^  cents.  Per  annum,  ^3.00 

OEMEEOD.  Diseases  of  Kervons  System,  Student's  Guide  to.  By  J.  A.  Ormerod, 
M.D.  (Oxon.),  f.r.c.p.  (Lond.),  Mem.  Path.,  Clin.,  Ophth.,  and  Neurol.  Societies, 
Physician  to  National  Hospital  for  Paralyzed  and  Epileptic  and  to  City  of  London 
Hospital  for  Diseases  of  the  Chest,  Dem.  of  Morbid  Anatomy,  St.  Bartholo- 
mew's Hospital,  etc.    With  75  Wood  Engravings.     i2mo.  Cloth,  %\joo 

OSGK)OD.    The  Winter  and  Its  Dangers.    By  Hamilton  Osgood,  m.d.  Cloth,  40 

OSLEE.  Cerebral  Palsies  of  Children.  A  Clinical  Study.  By  William  Osler, 
M.D.,  F.R.C.P.  (Lond.),  Professor  of  Medicine,  Johns  Hopkins  University,  etc. 
Svo.  Cloth,  $2.00 

Chorea  and  Choreiform  Affections.    8vo.  Cloth,  12.00 
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OSTROM.  Massage  and  the  Original  Swedish  Movementa.  Tne::  Appj.>catkm 
to  \'.iiitMis  DiMMScs  of  ihc  Hodv.  A  Manual  for  Students.  Nurses  and  PhrMcians. 
\\\  Ki'UKK  \V  OsTROM.  from  the  Royal  University  of  I'psaU.  Swedesi ;  IiiS^mctor 
in  M.iss.ii^r  and  MvediNh  Movements  in  the  Hospital  of  the  VniTcrsny  of 
IVnnsYlv.mi.i.  and  in  the  Philadelphia  Polvdinic  and  College  i*x  Oraduaxcsia 
Mrdirinc.  etc.  Third  Kdition.  knlarged.  Illustrated  by  94  Wooc  Engrav- 
inj:s.  tnanv  of  which  were  drawn  especially  for  this  purpose.    i2mo.     Oi-Ui,  $1  00 

OVERMAN'S  Practical  Mineralogy,  Assaying  and  Mining,  with  a  I>e<crlption  of 
!hr  I'scful  Minrrals.  etc.  Uy  FREDERICK  Overman,  Mining  Engineer.  Elcr- 
rnth  K.diiion.     i2mo.  Clodi.  $1.00 

PACKARD'S  Sea  Air  and  Sea  Bathing.    Hy  John  H.  Packard,  m.d.     Cloth.  40 

PAGE.     Railroad  Il^jnries.     With  Special  Reference  to  those  of  the   Back  and 

Nrrvoii'i  S\Mcin.     Hy  Herwf.rt  I*age.  f.r.c.s..  Surgeon  to  St.  Mary's  Hospital, 

and  1  c'otmor  on  Surj^cry  at  il>  Medical  School.     Octavo.  Cloth,  $2.25 

Ii\juries  of  the  Spine  and  Spinal  Cord.     In  their  Surgical  and  Medico-Leg^ 

As[>erls.      Third  Kdition.     Revised.    Octavo.  Preparing, 

PARKE8*  Praotioal  Hygiene.  Hy  Edward  A.  Parkes.  m.d.  The  E:ghth  Re- 
vised .mil  Knl.irjjed  Kdition.  Edited  by  J.  Lane  Notter.  M-.\..  m.d..  p.cs., 
Piolessor  of  Hvjjioni'.  Army  Medical  School.  Netley,  England.  With  10  Litho- 
^Liphir  Pl.itcs  .ind  over  KV)  other  Illustrations.    8vo.  Cloth,  14.50 

PARKES.    Hygiene  and  Public  Health.    A  IVactical  Manual.     By  Louis  C. 

Pakkkn.  m.i>..  d.imi.  l^ndon  Hospital;  Assistant  Professor  of  Hygiene  and 
Puhlir  Health  at  Tniversity  College,  etc.  i2mo.  Fourth  Edition.  Enlarged  and 
KrviM'd.  Cloth,  f  2.50 

The    Elements   of   Health.      An    Introduction   to  the  Study   of  Hygiene. 
llluMr.ited.  Cloth,  f  1.25 

PARRISH'S  Alcoholic  Inebriety.     From  a  Medical  Standpoint,  viih  Illustrative 

v.'.iM*s  trt>m  the  Clinical  Records  of  the  .Author.  By  Joseph  Parrish,  m.d., 
Pr«*Mdent  of  the  .\mcr.  Assoc,  for  Cure  of  Inebriates.  Cloth.  J  1.00 

PARVIN'S  WinckePs  Diseases  of  Women.    (See  Winckel.  page  2S. . 

PHILLIPS.  Spectacles  and  Eyeglasses,  Their  Prescription  and  .\d;--s:nient.  By 
K.  I.  riiiii-ii's.  M.iv.  Insinicioi  on  Diseases  of  the  Eye.  Philadelphia  Poly  clinic, 
i>phth.ilinic:   Surjieon.    IVeslntenan   Hospital.     Second   Edition.    Re^'ised  and 

Knl.ir;.;ed.     ;o  Iiliistrai:ons.     irmo.  Cloth,  |l.oo 

PHTSICLAHS  VISinHQ  LIST.  Published  Annually.  Forty -ffi  Year  (1S96) 
ot  Its  ruhlioation. 

MrrcMttcr  all  ^ixlcs  will  v.-ontain  the  interleaf  or  $[>ecial  memoranda  pa^,  except 
the  MonthU  I'dition.  .ind  iho  ^.-es  f'»r  75  .ind  ico  Patients  will  come  ::  :Vc-  volumes 
only.     Send  for  new  ctfcular  describing  improvements. 

BEOULAA  EDITION. 

For  25  P.Ttients  weekly.  Tucks,  pocket  and  pend!.  G-:li  Edges.  |IjOO 
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Perpetual  Editioilt  without  Dates  and  with  Special  Memorandum  Pages. 

For  25  Patients,  interleaved,  tucks,  pocket  and  pencil,  .        .        .        .        1 1-25 

50        "  ••  "  «  M         «  ....  1.50 

Monthly  Edition^  without  Dates.    Can  be  commenced  at  any  time  and  used 

until  full.    Requires  only  one  writing  of  patient's  name  for  the  whole  month. 

Plain  bindine,  without  Flap  or  Pencil,  .75.     Leather  cover.  Pocket  and  Pencil,  |i.oo 

EXTaA  Pencils  will  be  sent,  postpaid,  for  25  cents  per  half  dozen. 

Jl^rThis  List  combines  the  several  essential  qualities  of  strength,  compactness, 
durability  and  convenience.  It  is  made  in  all  sizes  and  styles  to  meet  the  wants  of  all 
ph)rsicians.  It  is  not  an  elaborate,  complicated  system  of  keeping  accounts,  but  a 
plain,  simple  record,  that  may  be  kept  with  the  least  expenditure  of  time  and  trouble — 
nence  its  popularity.  A  special  circular,  descriptive  of  contents  and  improvements, 
will  be  sent  upon  application. 

PBREIEA*S  Prescription  Book.  Containing  Lists  of  Terms,  Phrases,  Contrac- 
tions and  Abbreviations  used  in  Prescriptions,  Explanatory  Notes,  Grammatical 
Construction  of  Prescriptions,  Rules  for  the  Pronunciation  of  Pharmaceutical 
Terms.   ByJONATHANpEREiRA.  m.d.   Sixteenth  Edition.   Cloth,  .75;  Tucks |i. 00 

POETSR*S  Surgeon*s  Pooket-Book.  By  Surgeon-Major  J.  H.  Porter,  late  Pro- 
fessor of  Military  Surgery  in  the  Army  Medical  School,  Nedey,  England.  Revised, 
and  partly  Rewritten.    Third  Edition.    Small  i2mo.  Leather  Covers,  $2.00 

POTTEE.  A  Handbook  of  Materia  Kedica,  Pharmacy  and  Therapentios,  in- 
cluding the  Action  of  Medicines,  Special  Therapeutics,  Pharmacology,  etc  In- 
cluding over  600  Prescriptions  and  Formulae.  By  Samuel  O.  L.  Potter,  m.a., 
M.D.,  M.R.c.P.  (Lond.),  Professor  of  the  Practice  of  Medicine,  Cooper  Medical  Col- 
lege, San  Francisco :  late  A.  A.  Surgeon  U.  S.  Army.  Fifth  Edition,  Revised  and 
Enlarged.    8vo.     With  Thumb  Index  in  each  copy.    Cloth.  f4*oo ;  Leather,  $5.00 

Compend  of  Anatomjr»  including  Visceral  Anatomy.  Fifth  Edition.  Re- 
vised, and  greatly  Enlarged.  With  16  Lithographed  Plates  and  117  other 
Illustrations.    Being  No,  J  t  Quiz- Compend  f  Series. 

Cloth,  .80;  Interleaved  for  taking  Notes,  $1.25 

Compend  of  Kateria  Kedica,  Thera^ntics  and  Prescription  Writing, 

witn  special  reference  to  the  Physiologic^  Action  of  Drugs.  Sixth  Revised 
and  Improved  Edition,  with  Index,  based  upon  U.  S.  P.  1890.  Being  No. 
6  t  Q^iS' Compend t  Series.    Cloth,  .80.    Interleaved  for  taking  Notes,  $1.25 

Speech  and  Its  Deflects.  Considered  Physiologically,  Pathologically  and 
Remedially ;  being  the  Lea  Prize  Thesis  of  Jefferson  Medical  College,  1882. 
Revised  and  Corrected.     i2mo.  CloSi,  %i.oo 

POWELL.    Diseases  of  the  Lnngs  and  Plenrss,  Including^  Consumption.    By 

R.  Douglas  Powell,  m.d.,  f.r.c.p..  Physician  to  the  Middlesex  Hospital,  and 
Consulting  Physician  to  the  Hospital  for  Consumption  and  Diseases  of  the  Chest 
at  Brompton.  Fourth  Edition.  With  Colored  Plates  and  Wood  Engravings. 
8vo.  Cloth,  f4.oo 

POWEB.  Surgical  Diseases  of  Children  and  their  Treatment  by  Modern 
Methods.  By  D*Arcy  Power,  m.a..  f.r.c.s.  Eng..  Demonstrator  of  Operative 
Surgery,  St.  Bartholomew's  Hospital ;  Surgeon  to  the  Victoria  Hospital.  Illus- 
trated.    i2mo.  Cloth,  |2. 50 

PRITCHAED  on  the  Ear.  Handbook  of  Diseases  of  the  Ear.  By  Urban 
Pritchard,  m.d.,  f.r.c.s., Professor  of  Aural  Surgery,  King's  College,  London, 
Aural  Surgeon  to  King's  College  Hospital,  Senior  Surgeon  to  the  Royal  Ear  Hos- 
pital, etc.  Third  Edition.   Many  Illustrations  and  Formulae.  i2mo.         In  Press. 

PEOCTOE*S  Practical  Pharmacy.  Lectures  on  Practical  Pharmacy.  With  Wood 
Engravings  and  32  Lithographic  Fac -simile  Prescriptions.  By  Barnard  S. 
Proctor.  Third  Edition.  Revised  and  with  elaborate  Tables  of  Chemical 
Solubilities,  etc.  Cloth,  I3.C0 
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RALFE.    Diseases  of  the  Kidney  and  Urinary  Derangements.    By  C.  H.  Ralfe. 

M.i»  .  K  >•/  r  .  A^s't  IMiysirum  to  the  I^^ndon  Hospital.   Illus.    l2mo.   Cloth,  |2.oo 

REESE'S  Medical  Jnrispmdenoe  and  Toxicology.  A  Text-book  for  Medical  and 
I.r;;;il  1*1  •'-titionrrs  and  Students.  By  John  J.  Reese,  m.d.,  Editor  of  Taylor's 
jiirispriKl^n'-e,  I'rofrssor  of  the  Principles  and  Practice  of  Medical  Jurisprudence. 
incl'Klincr  Toxirolojjy.  in  the  University  of  Pennsylvania  Medical  Department. 
Kotii:)!  i'dition.  Kf-viscd  by  Hknry  Leffmann,  m.d.,  Pathological  Chemist, 
f«»frprson  Medi'^al  Collerre  Hospital,  etc.     i2mo.     624  pages. 

Cloth ,  $3.00 ;   Leather,  I3.50 

'*  To  t1)0  student  of  meHiral  jurisprudence  and  toxicology  it  is  invalumble,  as  it  is  concise, 
cl^'flr,  fln'I  tlior'>uj;h  in  every  respect.*' —  V'hf  Am«rican  Journal  of  the  Medical  Scietues. 

REEVES.    Medical  Microscopy.    Illnstrated.    A  Handbook  for  Physicians  and 

Students,  includinj;  C'liaptcrs  on  Hacteriology,  Neoplasms,  Urinary  Examination, 
etc.  I^y  James  K.  Kkkvks,  m.o.,  Kx-President  American  Public  Health  Associa- 
tion. Mrmher  Association  American  Physicians,  etc.  Numerous  Illustrations, 
some  of  which  are  printed  in  colors.  i2mo.     Handsome  Cloth,  $2.50 

REEVES.  Bodily  Defbrmities  and  their  Treatment.  A  Handbook  of  Practical 
(^rthnpiedirs.  By  H.  A.  Reevf^,  M.D.,  Senior  Ass't  Sureeon  to  the  London  Hos- 
pital. S'lrj^eon  to  the  Royal  Orthopaedic  Hospital.    228  Illustrations.     Cloth,  $1.75 

rHOIS.  Mental  Medicine.  A  Practical  Manual.  By  Dr.  E.  Rtcis,  formerly 
Chief  of  Clinique  of  Mental  Diseases,  Faculty  of  Medicine  of  Paris ;  Physician 
of  the  Maisnn  de  Sant6  de  Castel  d*Andorte ;  Professor  of  Mental  Diseases, 
Karnlty  of  Medicine,  Bordeaux,  etc.  With  a  Preface  by  M.  BE>7AifiH  Ball, 
('liniral  Professor  of  Mental  Diseases.  Faculty  of  Medicine,  Paris.  Authorized 
Translation  from  the  Second  Edition  by  H.  M.  Bannister,  m.d.,  late  Senior 
Assistant  Physician.  Illinois  Eastern  Hospital  for  the  Insane,  etc.  With  an  In- 
troduction by  the  Author.     l2mo.     692  pages.  Cloth,  $2.00 

RICHARDSOlf .  Long  Life,  and  How  to  Reach  It.  By  J.  G.  Richardson,  Prof, 
of  Hysjiene,  b'niversity  of  Pennsylvania.  Cloth,  40 

RICHARB801f*8  Mechanical  Dentistry.  A  Practical  Treatise  on  Mechanical 
Dentistry.  By  Joseph  Richardson.  D.D.s.  Sixth  Edition.  Thoroughly  Revised 
by  Dr.  iiRO.  W.  Warren,  Chief  of  the  Clinical  Staff,  Pennsylvania  College  of 
Dental  Surjicry.  I'hihi.   With  600  Illustrations.  8vo.   Cloth,  $4.00 ;  Leather,  1 5.00 

RXCHTER'S  Inorganic  Chemistry.  A  Text-book  for  Students.  By  Prof.  Vicroi 
vos  KifHTKR,  L'niversity  of  Breslau.  Fourth  American,  from  Sixth  German 
Edition.  .\Mthorized  Translation  by  Edgar  F.  Smith,  mji.,  ph.d..  Prof,  of 
Chemisir>'.  Iniversity  of  Pennsylvania,  Member  of  the  Chemical  Societies  of 
Berhn  .ind  I'.iris.    H9  Illustrations  and  a  Colored  Plate.     i2mo.  Cloth,  I1.75 

Organic  Chemistry.  The  Chemistry  of  the  Carbon  Compounds.  Second 
Aineririin  Kdition,  translated  from  the  Sixth  German  by  E£>gar  F.  SsfrrH, 
.\f .  A.,  iMi.  n.,  I'rofessor  of  Chemistry,  University  of  Pennsylvania.  Illustrated. 
io4fj  pai^es.     r2mo.  Cloth,  I4.50 

ROBERTS.    Practice  of  Medicine.    The  Theory  and  Practice  of  Medicine.    By 

Kreijerick  l<t)iJKRTS.  M.ij..  Professor  of  Therapeutics  at  Universit\*  College, 
London.    Ninth  Kdition,  with  Illustrations.    8vo.        Cloth.  |L;. 50;  Leather,  $5.50 

ROBDTSON.   Latin  Grammar  of  Pharmacy  and  Medicine    By  D.  H.  Robln-son, 

PH.D.,  I'rofessor  ot  Latm  Language  and  Literature.  University  of  Kansas.  Intro- 
duction by  L.  M.  Sayke.  ph.g..  Professor  of  Pharmacy  in.  and  Dean  of  the  DepL 
of  Pharmacy,  University  of  Kansas.     i2mo.     ^cond  Edition.  Cloth.  1 1.75 
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SCOVILLE.  The  Art  of  Compennding.  A  Text-book  for  Students  and  a  Refer- 
ence Book  for  Pharmacists.  By  Wilbur  L.  Scoville,  ph.g.,  Professor  of  Ap- 
plied Pharmacy  and  Director  of  the  Pharmaceutical  Laborator>'  in  the  Massa- 
chusetts College  of  Pharmacy.  Cloth,  $2.50 

SAKSOM.  Diseases  of  The  Heart.  The  Diagnosis  and  Pathology  of  Diseases  of 
the  Heart  and  Thoracic  Aorta.  By  A.  Ernest  Sansom,  m.d.,  f.r.c.p.,  Physician 
to  the  London  Hospital,  Examiner  in  Medicine  Royal  College  of  Physicians,  etc. 
With  Plates  and  other  Illustrations.    8vo.  Cloth,  $6.00 

BATES.  Organic  Materia  Medica  and  Pharmacognosy.  An  Introduction 
to  the  Study  of  the  Vegetable  Kingdom  and  the  Vegetable  and  Animal  Drugs. 
Comprising  the  Botanical  and  Physical  Characteristics,  Source,  Constituents,  and 
Pharmacopoeial  Preparations.  With  Chapters  on  Synthetic  Organic  Remedies, 
Insects  Injurious  to  Drugs,  and  Pharmacal  Botany.  By  L.  E.  Sayre,  ph.g., 
Professor  of  Pharmacy  and  Materia  Medica  in  the  University  of  Kansas,  Mem- 
ber of  the  Committee  of  Revision  of  the  U.  S.  Pharmacopoeia,  1890.  A  Glossary 
and  543  Illustrations,  many  of  which  are  original.    8vo.  Cloth,  54*oo 

SCHULTZE.  Obstetrical  Diagrams.  Being  a  Series  of  20  Colored  Lithograph 
Charts,  imperial  map  size,  of  Pregnancy  and  Midwifery,  with  accompanying 
explanatory  (German)  text,  illustrated  by  wood-cuts.  By  Dr.  B.  S.  Schultze, 
Professor  of  Obstetrics,  University  of  Jena.    Second  Revised  Edition. 

Price,  in  Sheets,  $26.00 ;  Mounted  on  Rollers,  Muslin  Backs,  $36.00 

SEWELL.  Dental  Sorg^ery,  including  Special  Anatomy  and  Surgery.  By  Henry 
Sewell,  M.R.C.S.,  L.D.S.,  President  Odontological  Society  of  Great  Britain.  3d 
Edition,  greatly  enlarged,  with  about  200  Illustrations.  Cloth,  $2.00 

8HAWE.  Kotes  for  Visiting  Knrses,  and  all  those  interested  in  the  working  and 
organization  of  District/Visiting,  or  Parochial  Nurse  Societies.  By  Rosilind 
Gillette  Shawe,  District  Nurse  for  the  Brooklyn  Red  Cross  Society.  With  an 
Appendix  explaining  the  organization  and  working  of  various  Visiting  and  Dis- 
trict Nurse  Societies,  by  Helen  C.  Jenks,  of  Philadelphia.    i2mo.    Cloth,  ii.oo 

SMITH.  Abdominal  Sarfi[ery.  Being  a  Systematic  Description  of  all  the  Princi- 
pal Operations.  By  J.  Greig  Smith,  m.a.,  f.r.s.e.,  Surg,  to  British  Royal  In- 
firmary ;  Lecturer  on  Surgery,  Bristol  Medical  School ;  Late  Examiner  in  Surgery, 
University  of  Aberdeen,  etc.  Over  80  Illustrations.   Fifth  Edition.        Preparing, 

SMITH.  Electro-Chemical  Analysis.  By  Edgar  F.  Smith,  Professor  of  Chem- 
istry, University  of  Pennsylvania.  Second  Edition,  Revised  and  Enlarged.  28 
Illustrations.     i2mo.  Cloth,  1 1.2$ 

SMITH  AUD  KELLER.  Experiments.  Arranged  for  Students  in  General  Chem- 
istry. By  Edgar  F.  Smith,  Professor  of  Chemistry,  University  of  Pennsylvania, 
and  Dr.  H.  F.  Keller,  Professor  of  Chemistry,  Philadelphia  High  School.  Third 
Edition.    8vo.     Illustrated.  Cloth,  .60 

8TAR&.  The  Digestive  Organs  in  Childhood.  Second  Edition.  The  Diseases 
of  the  Digestive  Organs  in  Infancy  and  Childhood.  With  Chapters  on  the 
Investigation  of  Disease  and  the  Management  of  Children.  By  Louis  Starr, 
M.D.,  late  Clinical  Prof,  of  Diseases  of  Children  in  the  Hospital  ot  the  University 
of  Penn'a;  Physician  to  the  Children's  Hospital,  Phila.  Second  Edition. 
Revised  and  Enlarged.  Illustrated  by  two  Colored  Lithograph  Plates  and 
numerous  Wood  Engravings.    Crown  Octavo.  Cloth,  $2.00 

The  Hygiene  of  the  Knrsery,  including  the  General  Regimen  and  Feed- 
ing of  Infants  and  Children,  and  the  Domestic  Management  of  the  Ordinary 
Emergencies  of  Elarly  Life,  Massage,  etc.  Fourth  Edition.  Enlarged.  25 
Illustrations.     i2mo.    280  pages.  Cloth,  |i. 00 

See  also  Goodhart  and  Starr.    Pige  11. 
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TBEVES.  German-English  Medical  Dictionary.  By  Frederick  Treves,  f.r.c3., 
assisted  by  Dr.  Hugo  Lang,  b.a.  (Munich).     i2mo.  yi  Russia,  $3.25 

Physical  Education,  Its  Effects,  Value,  Methods,  etc.  Cloth.  .75 

TRIMBLE.    Practical  and  Analytical  Chemistry.    By  Henry  Trimble,  ph.m., 

Professor  of  Analytical  Chemistry  in  the  Philadelphia  College  of  Pharmacy, 

Fourth  Edition.    Illustrated.    8vo.  Cloth,  $1.50 

TUKE.  Dictionary  of  Psychological  Medicine.  Giving  the  Definition,  £ty. 
mology,  and  Synonyms  of  the  terms  used  in  Medical  Psychology,  with  the 
Symptoms,  Pathology,  and  Treatment  of  the  recognized'  forms  of  Mental  Dis- 
orders, together  with  the  Law  of  Lunacy  in  Great  Britain  and  Ireland.  Edited  by 
D.  Hack  Tuke,  m.d.,ll.d.,  Examiner  in  Mental  Physiology  in  the  Univcraty 
of  London.     Two  Volumes.    Octavo.  Cloth,  |iox)o 

TUKHBULL'S  Artificial  AnsBsthesia.  The  Advantages  and  Accidents  of  Aitifi- 
cial  Anaesthesia ;  Its  Employment  in  the  Treatment  of  Disease ;  Modes  of  Ad- 
ministration ;  Considering  their  Relative  Risks ;  Tests  of  Purity;  Treatment  of 
Asphyxia ;  Spasms  of  the  Glottis ;  Syncope,  etc.  By  Laurence  TURNBull,  m.d, 
PH.  G.,  Aural  Surgeon  to  Jefferson  College  Hospital,  etc.  Third  Edition,  Re* 
vised  and  Enlarged.    40  Illustrations.     1 2mo.  Qoth,  $y30 

TTTSOK.  Veterinary  Pharmacopoeia,  including  the  outlines  of  Materia  Media 
and  Therapeutics.  By  Richard  V.  TusoN,  late  Professor  at  the  Royal  Veter- 
inary College.  Fifth  Edition.  Revised  and  Edited  by  James  Bayne,  p.cs., 
Professor  of  Chemistry  and  Toxicology  at  the  Royal  Veterinary  College.     i2mo. 

Cloth,  I2.25 

TY80K.    Bright's  Disease  and  Diabetes.    With  Especial  Reference  to  Pathology 

and  Therapeutics.    By  James  Tyson,  m.d..  Professor  of  Clinical  Medicine  in 

.the  University  of  Pennsylvania.    Including  a  Section  on  Retinitis  in  Bright*! 

Disease.    With  Colored  Plates  and  many  Wood  Engravings.    8vo.     Qoth,  $2.50 

Guide  to  the  Examination  of  Urine.     Kinth  Edition.     For  the  Use  of 

Physicians  and  Students.    With  Colored  Plate  and  Numerous  Illustrations 
Engraved  on  Wood.  Ninth  Edition.  Revised.  i2mo.  276pages.   Cloth,|i.35 
*»*  A  French  translation  of  this  book  has  just  appeared  in  Paris, 

Cell  Doctrine.    Its  History  and  Present  State.    Second  Edition.     Qoth,|i.50 

Handbook  of  Physical  Diagnosis.    Illustrated.   2d  Ed.    i2mo.    Cloth,  $1.2$ 

UVITED  STATES  PHAEMACOPCEIA.  1890.  Seventh  Decennial  Revision. 
Cloth,  12.50  (Postpaid,  $2.77);  Sheep,  I3.00  (Postpaid,  $3.27);  Interleaved, 
{I4.00  (Postpaid,  #4.50);  printed  on  one  side  of  page  only.  Unbound,  $3.50  (Post- 
paid, 13.90). 

Select  Tables  from  the  U.  S.  P.  (1890).  Being  Nine  of  the  Most  Important 
and  Useful  Tables,  printed  on  Separate  Sheets.  Carefully  put  up  in  Patent 
Envelope.  .25 

VAN  HARLIKOEK  on  Skin  Diseases.    A  Practical  Manual  of  Diagnosis  and 

Treatment  with  special  reference  to  Differential  Diagnosis.  By  Arthur  Vai 
Harlingen,  M.D.,  Professor  of  Diseases  of  the  Skin  in  the  Philadelphia  Poly- 
clinic ;  Clinical  Lecturer  on  Dermatology  at  Jefferson  Medical  Collie.  Third 
Edition.  Revised  and  Enlarged.  With  Formulae  and  Illustrations,  several  being 
in  Colors.     580  pages.  Cloth,  I2.75 

YAK  HXJTS  on  The  Urine.  Chemical  Analysis  of  Healthy  and  Diseased  Urine, 
Qualitative  and  Quantitative.  By  T.  C.  Van  Nuys,  Professor  of  Chemistry 
Indiana  University.     39  Illustrations.    Octavo.  Cloth,  |i.oo 

VIECHOW*S  Post-mortem  Examinations.  A  Description  and  Elxplanation  of  the 
Method  of  Performing  them  in  the  Dead  House  of^  the  Berlin  Cnarit6  Hospital, 
with  especial  reference  to  Medico-legal  Practice.  By  Prof.  Virchow.  Trans- 
lated by  Dr.  T.  P.  Smith.    Third  Edition,  with  Additions.  Qoth,  .75 

VOSWINKEL.    Surgical  Nursing.    A  Manual  for  Nurses.     By  Bertha  M.  Vos- 

wiNKEL,  Graduate  Episcopal  Hospital,  Philadelphia,  Nurse  in  Charge  Children's 
Hospital,  Columbus,  O.     1 11  Illustrations.    i2mo.    i'68  pages.  Cloth,  |l .00 
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p    WAL8HAM.    Manual  of  Practical  Surgery.    For  Students  and  Physicians.    By 
y  Wm.  J.  Walsham,  M.D.,  F.R.C.S.,  Ass*t  Surg.  to,  and  Dem.  of  Practical  Surg,  in, 

^  St.   Bartholomew's    Hospital,  Surg,  to  Metropolitan   Free  Hospital,  London. 

Fifth    Edition,   Revised  and   Enlarged.     With  380  Engravings.     815  pages, 
r  Cloth,  $2.75  ;  Leather,  13.2$ 

WAEIHG.  Practical  Therapeutics.  A  Manual  for  Physicians  and  Students.  By 
Edward  J.  Waring,  m.d.  Fourth  Eldition.  Revised,  Rewritten  and  Rearrai^^ 
by  Dudley  W.  Buxton,  m.d..  Assistant  to  the  Professor  of  Medicine,  University 
College,  London.    Crown  Octavo.  Cloth,  $2.00;  Leather,  I3.00 

WAEREH.    Compend  Dental  Pathology  and  Dental  Medicine.    Containing  all 

the  most  noteworthy  points  of  .interest  to  the  Dental  Student  and  a  Chapter 
on  Emergencies.  By  Geo.  W.  Warren,  d.d.s..  Clinical  Chief,  Penn*a  College 
of  Dental  Surgery,  Phila.  Second  Edition,  Enlarged.  Illustrated.  Being  No. 
I  J  f  Quiz- Compend  f  Series,     i2mo.  Cloth,  .80 

Interleaved  for  the  addition  of  Notes,  $1.25 

Dental  Prostheses  and  Metallurgy.    129  Illustrations.  Cloth,  11.25 

WATSOK  on  Amputations  of  the  Extremities  and  Their  Complications.  By 
B.  A.  Watson,  a.m.,  m.d..  Surgeon  to  the  Jersey  City  Chanty  Hospital  and  to 
Christ*s  Hospital,  Jersey  City,  N.  J.    250  Illustrations.  Cloth,  I5.50 

Concussions.  An  Experimental  Study  of  Lesions  arising  from  Severe  Con- 
cussions.   8vo.  Paper  cover,  1 1. 00 

WATTS'  Inorganic  Chemistry.    A  Manual  of  Chemistry,  Physical  and  Inorganic. 

i Being  the  14th  Edition  of  Fowne's  Physical  and  Inorganic  Chemistry.) 
\y  Henry  Watts,  b.a.,  f.r.s.    W^ith  Colored  Plate  of  Spectra  and  other  Illus- 
trations.   i2mo.    595  pages.  Cloth,  |2.oo 

Ornnic  Chemistry.  Second  Edition.  By  Wm.  A.  Tilden,  d.sc.,  f.r.s. 
(Being  the  13th  Edition  of  Fowne*s  Organic  Chemistry.)  Illustrated. 
i2mo.  Cloth,  |2.oo 

WELLS.  Compend  of  Gynecology.  By  Wm.  H.  Wells,  m.d..  Assistant  Demon- 
strator of  Obstetrics,  Jeflerson  Medical  College,  Philadelphia.  Illustrated. 
/  Quit' Compend  f  Series  No.  7.    1 2mo.       Cloth,  .80 ;  Interleaved  for  Notes,  $1 .25 

WESTLAVD.  The  Wife  and  Mother.  A  Handbook  for  Mothers.  By  A. 
Westland,  m.d..  late  Resident  Physician,  Aberdeen  Royal  Infirmary.  Clo.  $1.50 

WETHEBED.  Medical  Miorosoopy.  A  Guide  to  the  Use  of  the  Microscope  in 
Practical  Medicine.  By  Frank  J.  Wethered.  m.d.,  m.r.c.p.,  Demonstrator  of 
Practical  Medicine,  Mi(ldlesex  Hospital  Medical  School,  Assistant  Physician, 
late  Pathologist,  City  of  London  Hospital  for  Diseases  of  Chest,  etc.  With  100 
Illustrations.     i2mo.  Cloth,  |2.oo 

WETL.  Sanitary  Relations  of  the  Coal-Tar  Colors.  By  Theodore  Weyl. 
Authorized  Translation  by  Henry  Leffmann,  m.d.,  ph.d.  This  work  contains 
the  most  recent  trustworthy  information  on  the  physiological  action  of  the  coal- 
tar  colors.  Tests  for  recognizing  the  different  colors  are  given.  A  summar)'  of 
the  appropriate  legislative  enactments  in  the  leading  countries  in  Europe  is  also 
presented.  The  book  is  believed  to  be  the  only  compilation  in  the  field  in 
JEnelish,  and  will  be  found  highly  useful  in  determining  the  permissibility  of  the 
coal-tar  colors,  now  so  much  used  in  articles  of  food  and  drink.  i2mo.  154 
pages.  Cloth,  $1.25 

WHITE.    The  Konth  and  Teeth.    By  J.  W.  White,  m.d.,  d.d.s.         Cloth,  .40 

WALKER.  Students*  Aid  in  Ophthalmology.  By  Gertrude  A.  Walker. 
A.B.,  M.D..  Clinical  Instructor  in  Diseases  of  the  Eye  at  Woman's  Medical 
College  of  Pennsylvania.  40  Illustrations  and  Colored  Plate.    i2mo.  Cloth,  $i.$o 
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MORRIS'S 

HUMAN  ANATOMY. 

A   NEW  TEXT-BOOK. 

791  Illustrations,  J 14  of  which  are  Printed  in  Several  Colors,  and  most  off 

which  are  original.     OCTAVO,     uoo  PAGES. 

Handsome  Cloth,  $6.00;  Full  Sheep,  $7.00;  Half  Russia, 

Marbled  Edges,  $8.00. 


We  will  send  free  to  any  address  a  large  descriptive  circular 
of  Morris's  Anatomy  giving  sample  pages  and  colored  illustrations,  as 
well  as  a  large  number  of  recommendations  from  prominent  professors 
and  demonstrators,  and  reviews  taken  from  the  best  medical  journals. 


"  The  treatise  on  '  Human  Anatomy '  just  issued  from  the  press  of  Messrs. 
Blakiston  will  be  an  event  of  interest  to  medical  students.  The  first  necessity 
to  the  aspirant  for  a  medical  career  is  the  possession  of  a  complete  and  sys- 
tematic manual  of  anatomy.  The  volume  before  us  is  admirable  in  every  way. 
It  is  magnificently  illustrated  in  colors,  and  a  specially  valuable  feature  is 
the  mode  of  describing  the  illustrations  in  the  text,  which  almost  amounts  to 
a  demonstration.  The  different  sections  have  been  compiled  by  authors  spe- 
cially qualified  for  the  duties  they  assume.  The  illustrations  have  all  been  cut 
on  wood  from  drawings  made  by  special  artists.  The  reading  matter  is 
terse  and  forcible.    The  superfluous  has  been  rigorously  suppressed. 

''The  student  searching  for  a  manual  with  which  to  begin  his  medical 
studies  should  certainly  consider  the  claims  of  this  handsome  volume  before 
committing  himself  irrevocably  to  any  particular  standard  text-book." — Tk^ 
Physician  and  Surgeon,  Ann  Arbor,  Mich. 

The  Prices  of  all  Books  are  Net. 


AN   EMINENTLY   PRACTICAL  BOOK. 

MouUin's  Surg^ery, 

Third  Edition,  Enlarged.    Just  Ready. 

A  Complete  Practical  Treatise  on  Surgery,  with  Special  Reference  to  Treatment. 

By  C.  W.  MANSELL  MOULLIN,  M.A.,  M.D.  Oxon.,  F.R.C^., 

Surgeon  and  Lecturer  on  Ph3rsiology  to  the  London  Hospital,  etc. 


Third  American  Edition, 

Edited  by  JOHN  B.  HAMILTON,  M.D.,  LL.D., 

Profcstor  of  the  Principlei  of  Surgery  and  Clinical  Surgery,  Rush  Medical  Collie.  Chtcaso :    Profeuor  of 

Surgery,  Chicago  Polyclinic ;  Formerly  Supervising  Surgeon-General,  U.  S.  Marine  tfoapital 

Service;  Surgeon  to  Presbyterian  Hospital,  St.  Joseph's  Hospital,  and  Central 

Free  Dispensary,  Chicago,  etc. 

Over  Six  Hundred  Illustrations, 

More  than  two  hundred  of  which  are  original  with  this  work,  and  many  of  which  are 

printed  in  several  colors. 

Royal  8vo.   1250  Pages.  Handsome  Cloth,  $6.00 ;  Leather,  Raised  Bands,  $7.00. 

Thesi  Prices  are  Absolutely  Net. 

Of  the  600  illustrations  over  two  hundred  have  been  specially  prepared  for  this 
work,  and  their  originality  adds  great  value  to  their  usefulness  and  at  the  same  time  exempUfiei 
the  character  of  the  whole  book,  in  that  it  has  been  worked  up  from  modem  ideas  and  methods 
instead  of  being  a  mere  rehash  of  the  sayings  and  doings  of  others.  The  illuitrationa  will  exdle 
particular  attention  on  account  of  their  practical  bearing  on  useful  points  in  Surgerf .  B7  the 
addition  of  colors  to  many  of  these  the  text  is  thoroughly  elucidated,  impressing  at  ooce  npos 
the  mind  of  the  Surgeon  or  Student  the  real  relations  of  important  parts  of  the  Anatomy,  sod 
certain  particular  diagnostic  features.  This  is  especially  patent  in  the  article  on  tumors,  where 
the  illustrations  of  sections  of  the  various  growths  have  been  colored  so  as  to  bring  out  witb 
great  clearness  their  dififerential  diagnosis. 

F^m  the  New  York  Medical  Record. 

"Special  attention  is  given  throughout  to  treatment,  and  the  discussion  of  controverted 
points  on  pathology,  etc.,  is  relegated  to  the  background.  The  key-note  is  the  idea  that  the  diief 
aim  and  object  of  surgery  at  the  present  day  is  to  assist  the  tissues  in  every  possible  -way  in  their 
struggle  against  disease. 

*'  From  such  a  standpoint  it  goes  without  saying  that  the  writer's  attitude  is  a  conaervadve 
one.  He  is,  however,  free  from  hesitancy,  and  shows  a  keen  appreciation  of  the  rapid  strides 
of  surgical  art  in  the  last  decade.  No  less  than  two  hundred  of  the  illustrationt  were  drawn 
expressly  for  this  work.  It  has  all  the  conciseness  of  Druitt's  well-known  work,  and  the 
advantage  of  a  somewhat  more  extensive  description  of  certain  conditions  occurring  in  practical 
work.** 

4^ A  complete  circular,  with  sample  pages,  press  notices,  etc.,  will  be  sent  free  upon  applkatlea. 

The  Prices  of  all  Books  are  Net. 


From  The  Southern  Clinie.  M5P; f  A  '^P  Ul   IV1I»"T 

"  We  know  of  no  series  of  books  issued  by  any  hous^lhat  *9/^ir  <V^|kJ^I|W||^provnl  mm  these 
?  Quix-Compends  ?.  Tkey  are  well  arranged,  f^U,  and  cuMM  dM^K  rVaUv  the  ^sMbmMI*^ 
books  that  conld  be  found  for  either  student  or  practitioner^"   >,  i-y^9.'D,  C*^*^*  ^^^'^^^ 

BLAKISTON'S  ?QUIZ-COMPENDS? 

The  Best  Series  of  Hanaals  for  the  Use  of  Students. 

Price  of  each,  Cloth.  .80.  Interleaved,  for  taking  Notes,  91^5. 


These  Compenda  are  based  on  the  raost  popular  text-books  and  the  lectures  of  prominent  profesaon, 
and  are  kept  constantly  revised,  so  that  they  may  thoroughly  represent  the  present  state  of  the  subjects  upon 
which  they  treat. 

49*  The  authors  have  had  large  experience  as  Quiz-Masters  and  attaches  of  colleges,  and  are  well 
acquainted  with  the  wants  of  siudenu. 

49r  Thev  are  arranged  in  the  most  approved  form,  thorough  and  concise,  containing  over  600  fine  illustra- 
tions, inserteo  wherever  they  could  be  used  to  advantage. 

49*  Can  be  used  by  students  of  ««y  college. 

49*  They  contain  information  nowhere  else  collected  in  a  such  a  condensed,  practical  shape. 

ILLUSTRATED  OIROULAR  FREE. 

No.  X.  HUMAN  ANATOMY.  Fifth  Revised  and  Enlarged  Edition.  Including  Visceral  Anatomy.  Can 
be  used  with  either  Morris's  or  Gray's  Anatomy.  117  Illustrations  and  16  Lithographic  Plates  of  Nerves  and 
Arteries,  with  Explanatory  Tables,  etc.  By  Samubl  O.  L.  Pottbr,  m.d..  Professor  of  the  Practice  of 
Medicine,  Cooper  Medical  College,  San  Francisco;  late  A.  A.  Surgeon,  U.  S.  Army. 

No.  9.  PRACTICE  OF  MEDICINE.  Part  I.  Fifth  Edition,  Revised.  Enlarged,  and  Improved.  By 
Dan'l  E.  Hughbs.  M.D.,  Phyakian-in-Chief,  Philadelphia  Hospital,  late  Demonstrator  of  Chnical  Medi- 
cine. Jefferson  Meoical  C<dlege,  Philadelphia. 

No.  3.  PRACTICE  OF  MEDICINE.  Part  II.  Fifth  EdiUon,  Revised,  EnUrged,  and  Improved.  Same 
author  as  No.  a. 

No.  4.  PHYSIOLOGY.  Serenth  Edition,  with  new  Illustrations  and  a  uble  of  Physiok>gical  Constants. 
Enlarged  and  Revis^.  By  A.  P.  BauaAKBa,  m.d..  Professor  of  Physiology  and  General  Pathology  in  the 
Pennsylvania  College  of  I/ental  Surgery ;  Demonstrator  of  Physiology,  Jefferson  Medical  College,  Phila- 
delphia. 

No.  f.    OBSTETRICS.    Fifth  Edition.    Bv  Henkt  G.  Landis.  m.d.    Revised  and  Edited  by  Wm.  H. 

Wblls,  m.d..  Assistant  Demonstrator  of  Obstetrics,  Jefferson  Medical  College,  Philadelphia.    Enlaigrd. 

47  Illustrations.  • 

Ho.  6.     MATERIA   MEDICA,   THERAPEUTICS,  AND  PRESCRIPTION    WRITING.     Sixtli 

Revised  Edition  (U.  S.  P.  1890).    Bv  Samubl  O.  L.  PorrsR,  m.d.  Professor  of  Praaice,  Cooper  Medical 

College,  San  Francisco :  late  A   A.  burgeon,  U.  S.  Army. 

No.  7.  GYNECOLOGY.  A  New  Book.  By  Wm.  H.  Wbus,  m.d.,  Assbtant  Demonstrator  of  Obstetrics, 
Jefferson  CoHejce,  Philadelphia.    Illustrated. 

No.  8.  DISEASES  OF  THE  EYE  AND  REFRACTION.  Second  Edition.  Including  Treatment  and 
Surgery.     By  L.  Wbbstbk  Fox,  m.d.,  and  Gborcb  M.  Gould,  m.d.    With  39  Formulae  and  71  lUu^rations. 

No.  9.  SURGERY,  Minor  Sunrery,  and  Bandagini^.  Fifth  Edition,  Enlarged  and  Improved.  Hj 
OaviLLB  HoRWiTZ,  B.S.,  M.Dw,  cliniou  Professor  of  uenito-Urinary  Surgery  and  Venereal  Diseases  in  J^ 
ferson  Medical  College ;  Surgeon  to  Philadelphia  Hospital,  etc.    With  98  Formulae  and  71  lUiatrations. 

Na  xa  MEDICAL  CHEMISTRY.  Fourth  Edition.  Including  Urinalysu,  Animal  Chemistry. Chemistry 
of  Milk,  Blood,  Tissues,  the  Secretions,  etc.  By  Hrnky  LarPMANif,  mjd..  Professor  of  Chemistry  m 
Pennsylvania  College  of  I>ental  Surgery  and  in  the  Woman's  Medical  College,  Philadelphia. 

No.  XI.  PHARMACY.  Fifth  Edition.  Based  upon  Prof.  Remington's  Text-Book  of  Pharmacr.  By  F. 
E.  Stbwart,  m.d.,ph.o.,  late  Quiz-Master  in  Pharmacy  and  Chemistry,  Philadelphia  CoU^e  of  Pnarmacy ; 
Lecturer  at  Jefferson  Medical  College.    Carefully  revised  in  accordance  with  the  new  U.  S.  P. 

No.  XI.  VETERINARY  ANATOMY  AND  PHYSIOLOGY.  Illuetrnted.  By  Wm.  R.  Ballou.  m.o.. 
Professor  of  Equine  Anatomy  at  New  York  College  of  Veterinary  Surgeons ;  Physicbn  to  Bellevue  Dis- 
pensary, etc.     With  39  graphic  Illustrations. 

No.  x^  DENTAL  PATHOLOGY  AND  DENTAL  MEDICINE.  Second  Edition,  Illustrated.  Con- 
taming  all  the  most  noteworthy  points  of  interest  to  the  Dental  Student  and  a  Section  on  Emergencies.  By 
Gso.  W.  Warrbn,  D.D.S.,  Chief  of  Clinical  Suff,  Pennsylvania  College  of  Denul  Surgery,  Philadelphia. 

No.  14.  DISEASES  OF  CHILDREN.  Colored  Plate.  By  Marcus  P.  Hatpibld,  Professor  of  Dis- 
eases of  Children,  Chicago  Medical  College. 

No.  xs.  GENERAL  PATHOLOGY  AND  MORBID  ANATOMY.  91  Illustrations.  By  H.  Nbw- 
BBKRY  Hall,  ph.c,  m.d..  Professor  of  Pathology  and  Medical  Chemistry,  Chicago  Post-Graduate  Medical 
School :  Member  Surgical  Staff,  Illinois  Charitable  Eye  and  Ear  Infirmary  ;  Chief  of  Ear  Qinic,  Chicago 
Medical  College. 

No.  x6.    DISEASES  OF  NOSE  AND  EAR.    Illustrated.    Same  Author  as  No.  15. 

Piicet  each,  .80.      Interleayed,  for  taking:  Notes,  $1.25. 

P.  BLAKISTON,  SON  &  CO-,  Publishers, 

loia  Walnut  Street,  Philadelphia. 
The  Prices  of  all  Books  are  Net. 
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Plbusheo  Ahslally  fob  45  Yeabs. 


The  PHYSICIAN'S  Visiting  Li: 

Special  Improved  Edition  for  1896. 

(fi  or/ier  t/i  Uu\ffOf*:  ^ud  %\m\A\iy  this  Visiting  LLit  wc  hare  done  awaj  w--:-  *js| 
•t)rU«  hitherto  kriown  as  the  "  15  and  50  Patients  plain."     We  have  allored  ci'r* 
Cr/r  irriting  the  narne^,  and  added  t/>  the  special  memoraDda  page  a  colr=:^  r.r| 
"Anwwnt''  of  th«  w^rekly  visits  and  a  column  for  the  "  Ledger  Pige."     To  do  tib 
om  Increasing  the  t/ulk  or  the  price,  we  have  condenied  the  reading  master  in  t'-< 
of  th«f  tiO'^k  and  rearranged  and  simplified  the  memoranda  pages,  etc.,  at  the  tack. 

The  Libts  for  75  Patients  and  100  Patients  will  also  hare  special  memorard^.  pas 
ahove,  find  hereafter  will  coine  in  two  volumes  only,  dated  January  to  June,  aid  JJ 
Ilecemlier.     WhiUr  this  makes  a  book  better  suited  to  the  pocket,  the  chief  advanu£s| 
that  it  does  away  with  the  risk  of  losing  the  accounts  of  a  whole  year  should  the 
be  mislaid* 

Before  making  these  changes  we  have  personally  consulted  a  number  of  ph>-sHrj 
who  have  used  the  book  for  many  years,  and  have  taken  into  consideration  many  suzj 
tions  made  in  letters  from  all  parts  of  the  country. 

CONTENTS. 

PRELIMINARY  MATTBR.-^.'alendAr.  iK96-i897-.Table  of  Signi,  to  be  used  in  keeping  recor 
Th«  Metric  or  Ktcncli  l)eciin«l  Syitero  of  Wri|rhti  and  Mesturei — Table  for  CoiiTerting  Apothecaries 
Waifftits  and  Mea»ureii  into  (iraiiii — l)o«c  Talile,  living  the  dotei  of  ofllictal  aod  unoflficial  drugs  in  bod 
Ihfl  Rngllub  aiul  Metric  Syiteni*— Aiphyxia  and  Apnea — Complete  Table  for  Calculating  the  Period oi 
Utaro-ueHallon  -  rVnnpariKm  of  ThermometcrH. 

VI8ITIN0  LIST.-^KuIihI  and  dated  |>agei  for  25,  co,  7$,  and  loopattenti  per  day  or  week,  with  blank  pip 
o|»pMita  each  on  whidi  ii  an  amount  column,  column  for  ledger  page,  and  space  for  special  memoraDda 

•PRCIAL  RBCORD8  for  OlMtetric  Kngagements,  iJeaths,  Births,  etc.,  with  special  pages  for  Addretie 
of  I'atlaiili,  Nurseit,  etc.,  Accounts  iJue,  Cash  Account,  and  General  Memoranda* 

S1Z!:S  AND   PRICES. 

RROULAR  EDITION,  aa  Deacribed  Above. 

nOUND   IN    SIHONCI    I. RATHER  COVERS,  >A^ITH   POCKET  AND  PENCIL. 

Kor  JS  Patients  weekly,  with  Special  Mmutranda  Pa(;e, #i  oc 

s -°>'{&?i^U  • =« 

» -"-{feTDeiXr} -'« 

•"« ->'«{fcTi°JXr} -■ 

PKRPKTUAL  EDITION,  without  Dates. 

No.  I.  i\intalniiig  aiure  fur  over  \}po  name»,  with  blank  pat*e  opposite  each  Visiting  List  page. 

lUmn«lTn  Kcil  Leather  covei,  with  I\)cket  and  Pencil, $\  2\ 

Nu.  s.  SAine  as  No.  1.     lontaiuini;  i}t«ce  for  30oo  names,  with  blank  page  opposite, I  5< 

MONTHLY  EDITION,  without  Dates. 

No.  I.  UoumI,  Seal  leathei,  without  Klap  or  Pencil,  );i It  edges 7! 

No.  a,  lkiuu\l.  Seal  leather,  with  Tuck*,  Pencil,  etc.,  gilt  edges, I  01 

mirAU  theae  prices  are  net.     No  discount  can  be  allowed  retail  purchasera. 

Ci»iU*ar  aH*i  sample  fsi^rs  m/\m  afpiuaiion, 

p.  BLAKISTON,  SON  &  CO.,  Publishers.  Philadelphia. 
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